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ABSTRACT
SEASONAL BIOGEOCHEMISTRY IN THE SEDIMENTS 
OF THE GREAT BAY ESTUARINE COMPLEX, NEW HAMPSHIRE
BY
Mark Edward Hines 
U n i v e r s i t y  o f  New Hampshire,  December, 1981
The upper 12 cm o f  sediment from two shal low w ate r  l o c a t i o n s  in th e  
Grea t  Bay e s t u a r y ,  New Hampshire were sampled p e r i o d i c a l l y  f o r  13 months.  
M ic ro b io lo g ica l  and geochemical a na ly se s  were performed to  examine th e  
i n t e r a c t i o n s  among b a c t e r i a l  a c t i v i t y ,  geochem is t ry ,  and b i o t u r b a t i o n .
Sediments a t  both  l o c a t i o n s  c o n s i s t e d  p r im a r i l y  of  c l a y  and s i l t ­
s i z e d  p a r t i c l e s  i n t e r s p e r s e d  with  f i n e  sand.  Previous  workers us ing  X- 
r ad io g ra p h s  had shown t h a t  t h e  upper 8-10 cm o f  sed iments  near  t h e  dock 
o f  t h e  Jackson E s tu a r i n e  Labora to ry  (JEL) were b io t u r b a t e d  a c t i v e l y  from 
June to  December. The mud f l a t  sed iments a t  t h e  mouth o f  t h e  Lamprey and 
Squamscott  Rivers  (SQUAM) were not  b io t u r b a t e d  a c t i v e l y .
M icrob ia l  a c t i v i t y  was determined by g lucose  tu rn o v e r  and s u l f a t e  
r e d u c t io n  r a t e s .  Analyses o f  pore w ate r  c o n c e n t r a t i o n s  of  s u l f a t e ,  
c h l o r i d e ,  i ro n  and o rg a n ic  carbon ,  sed im enta ry  c o n c e n t r a t i o n s  of  a c i d -  
v o l a t i l e  s u l f i d e s ,  and th e  abundance o f  s u l f a t e - r e d u c i n g  b a c t e r i a  were 
a l s o  made.
14Anaerobic  C-g lucose  tu rn o v e r  fo l lowed  f i r s t - o r d e r  k i n e t i c s  and 
was measured as t h e  sum o f  r a d i o l a b e l  i n c o rp o r a t i o n  in t o  carbon d i o x i d e ,  
m ic rob ia l  biomass and e t h e r - s o l u b l e  d i s s o lv e d  o rg a n ic  end p ro d u c t s .
The e t h e r - s o l u b l e  pool which was measured by a h igh ly  modif ied  and 
improved te chn ique  comprised l e s s  than  10 p e rc e n t  o f  la be l  u t i l i z e d
and c o n s i s t e d  p r i m a r i l y  o f  accumula t ing  d i s s o lv e d  o rg an ic  m a t t e r .
35S u l f a t e  r e d u c t io n  r a t e s  were fo l lowed  by t h e  sum o f  S i n c o r -
35p o ra ted  i n t o  f r e e  and a c i d - v o l a t i l e  s u l f i d e s .  S was not  i n c o r ­
po ra ted  i n t o  p y r i t e .
S u l f a t e  r e d u c t io n  and g luc ose  tu rn o v e r  r a t e s  v a r i e d  l i t t l e  with  
depth  du r ing  th e  summer o f  1979 a t  JEL y e t  decreased  markedly with  
depth  a t  SQUAM. The average  annual s u l f a t e  r e d u c t io n  r a t e  a t  JEL was 
n e a r l y  5 t imes  more r a p id  than  a t  SQUAM (140 vs 30 n m o l e s - m l - d " ^ ).  
B io t u r b a t i o n  mediated t r a n s p o r t  o f  o rgan ic  m a t t e r  to  depth enhanced 
th e  s u l f a t e  r e d u c t io n  r a t e s  a t  JEL.
Rapid summer s u l f a t e  r e d u c t io n  a t  JEL (300-400 nmoles•ml”^*d~^) 
produced l a r g e  q u a n t i t i e s  o f  a c i d - v o l a t i l e  s u l f i d e s  compared to  SQUAM, 
p a r t i c u l a r l y  in t h e  top  two cm o f  sediment (47 .4  vs 8 .3  ymoles •ml” ^ ) .
The w in t e r  o x id a t io n  of  t h e s e  s u l f i d e s  was r e s p o n s i b l e  f o r  m a in ta in in g  
g r e a t e r  sediment  anoxia a t  JEL.
The d i s t r i b u t i o n  o f  g lucose  decomposit ion  products  v a r i e d  v e r t i c a l l y ,  
h o r i z o n t a l l y  and t e m p o ra l ly .  Most n o ta b le  was a f o u r - f o l d  d e c re a se  in 
th e  g luc ose  r e s p i r a t i o n  pe rce n tag e  from summer to  w in te r  a t  JEL. S u l f a t e  
r e d u c t io n  i n h i b i t i o n  exper iments  demonst ra ted  t h a t  seasonal  v a r i a t i o n s  in 
the  up take  o f  g lucose  f e rm e n ta t io n  p roduc ts  by s u l f a t e - r e d u c i n g  b a c t e r i a  
was not  t h e  cause o f  t h e  s e a s o n a l i t y  in r e s p i r a t i o n  pe rc e n ta g e s .  Tempera- 
t u r e - s h i f t  exper iments  im p l ic a te d  t e m pera tu re  as a major f a c t o r  r e g u l a -
x i i i
t i n g  t h e  d i s t r i b u t i o n  o f  g luc ose  end p roduc ts  and th e  e f f i c i e n c y  o f  
ca rb o h y d ra te  mi n e r a l i  z a t i o n .
3
Viable  s u l f a t e - r e d u c i n g  b a c t e r i a  v a r i e d  from l e s s  than  10 t o  2 .6
4
x 10 per  ml and d ec reased  with  dep th .  However, a t  JEL, a s i g n i f i c a n t  
secondary  maximum was noted a t  8-10 cm. I t  was concluded t h a t  b io -  
t u r b a t i o n  was t h e  cause  o f  th e  su b su r f a c e  maximum s in c e  i t  was found 
only dur ing  b i o t u r b a t e d  p e r iods  and a t  t h e  depth s e p a r a t i n g  b i o t u r b a t e d  
s u r f a c e  sediments from deeper  s t r a t i f i e d  sed im en ts .
Comparisons o f  d i s s o lv e d  i ron  c o n c e n t r a t i o n s  with  t h e  pe rce n tag e
35of  S p r e c i p i t a t e d  as a c i d - v o l a t i l e  s u l f i d e s  dem onst rated  t h a t  dur ing 
th e  summer and f a l l  d i s s o lv e d  i ro n  c o n c e n t r a t i o n s  were governed by 
s u l f i d e  p r e c i p i t a t i o n  and v i c e  v e r s a .  During w in te r  t h e  p resence  of  
reducing  m ic ro n ic h e s ,  and o x id a t io n  and p r e c i p i t a t i o n  r e a c t i o n s  g r e a t l y  
i n f lu e n c e d  th e  f a t e  o f  b a c t e r i a l l y - g e n e r a t e d  s u l f i d e s .  During s p r in g  
d i s s o lv e d  i ro n  was a s s o c i a t e d  with  o rg an ic  m a t t e r .
Inc rea sed  sediment t em pera tu re  caused a r a p i d  cha in  o f  even ts  
r e g u la t e d  by m i c r o b ia l ly - m e d ia t e d  redox changes and by d i s s o l u t i o n  and 
p r e c i p i t a t i o n  r e a c t i o n s .  In e a r l y  s p r in g  g luc ose  t u r n o v e r  in c re a s e d  
from 0 .4  to  1 .0  h ~ \  d i s s o lv e d  o rg an ic  carbon was consumed (27 t o  10 
mg• ! ” "*) and i ron  r e d u c t io n  by th e  h e t e r o t r o p h i c a l l y - m e d i a t e d  redox 
d ec re a se  caused d i s s o lv e d  i ro n  c o n c e n t r a t i o n s  to  i n c r e a s e  from 0 .6  to  
5 .5  mg*l“ \  S u l f a t e  r e d u c t io n  r a t e s  remained slow a t  15 nmoles*ml“ ^ • d " ^ . 
During May s u l f a t e  r e d u c t io n  in c re a s e d  s low ly ,  d i s s o lv e d  o rg an ic  c a r ­
bon c o n c e n t r a t i o n  in c r e a s e d ,  and i ron  was removed p a r t i a l l y  from 
s o l u t i o n  as a s u l f i d e  p r e c i p i t a t e .  Rapid b i o t u r b a t i o n  commenced in
e a r l y  June and was r e s p o n s i b l e  f o r  much of  th e  fo l l o w in g :  s u l f a t e
-1 -1r e d u c t io n  r a t e s  i n c re a s e d  r a p i d l y  to  g r e a t e r  than  200 nmoles-ml *d
x i v
w h i le  g luc ose  t u r n o v e r  r a t e s  in c re as ed  from 1 .0  t o  1 .8  h” ^ . Disso lved  
i ro n  in c re a s ed  from 4 .0  to  18.0 mg*!”  ^ and d i s s o lv e d  o rg an ic  carbon 
c o n c e n t r a t i o n s  dec re a se d .  A model i s  p r e s e n te d  d e p i c t i n g  t h e  r o l e  of  
b i o t u r b a t i o n  in t h e  main tenance o f  i n c re a s e d  d i s s o l v e d  i r o n  c o n c e n t r a t i o n s .  
B io t u r b a t i o n  i n f l u e n c e s  were demonst ra ted  by a comparison o f  in s i t u
35S - s u l f a t e  r e d u c t io n  r a t e s  to  r a t e s  g en e ra ted  from j a r  exper imen ts  
and d i a g e n e t i c  models.  A comparison was made between t h e o r e t i c a l
qc
n u t r i e n t  r e g e n e r a t i o n  r a t e s  ( c a l c u l a t e d  from C:N:P r a t i o s  and S- 
s u l f a t e  r e d u c t io n  r a t e s )  and measured pore  w a te r  n u t r i e n t  c o n c e n t r a t i o n s .  
The d i s s o lv e d  ammonium and phosphate pools  in b i o t u r b a t e d  sediments 
tu rn e d  over  7 t imes  f a s t e r  than  in n o n -b io t u rb a t e d  sed im en ts .
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INTRODUCTION
The importance  o f  sediments in t h e  ecology o f  th e  oceans has been 
recogn ized  f o r  many y e a r s  (Brock,  1966; Fenchel and R e i d l ,  1970).  
Sediments a r e  t h e  u l t i m a t e  s in k  f o r  most c o n s t i t u e n t s  e n t e r i n g  t h e  sea 
and fu n c t i o n  not  only  as accumula to rs  of  m a t t e r  bu t  as  s i t e s  f o r  
decom posi t ion ,  r e c y c l in g  and r e g e n e ra t i o n  o f  m a te r i a l  f o r  supply  back 
t o  t h e  ove r ly in g  wate r  column. Although b a c t e r i a  have been im p l ic a ted  
as t h e  primary agen t s  involved  in  t h e s e  p r o c e s s e s ,  much o f  what i s  
known about  t h e  i n t e r a c t i o n  among b a c t e r i a l  a c t i v i t i e s ,  n u t r i e n t  
r e g e n e ra t i o n  and geochemis try  o f  sed iments  has been de r iv e d  chem ica l ly .  
The advent  o f  r a d i o t r a c e r  t e ch n iq u es  and improved a q u a t i c  m ic ro b io lo g ic a l  
methods have begun t o  be a p p l i e d  to  q u e s t i o n s  o f  t h e  d e t a i l e d  r o l e  of  
b a c t e r i a  in sed im ents .
Several  r e c e n t  s t u d i e s  have been conducted examining th e  n u t r i e n t ,  
t r a c e  m e ta l ,  and o rgan ic  chem is t ry  o f  sediments in  t h e  Grea t  Bay 
e s t u a r y ,  New Hampshire (Loder e t  al_. , 1978; Contre ras  e t  al_. , 1978;
Lyons and Gaudet te ,  1979; Armstrong e t  al_. , 1979b; Lyons e t  £l_. , 1979; 
L e a v i t t ,  1980; Orem, 1981). Many a s p e c t s  o f  t h e s e  c h e m is t r i e s  appeared 
to  be r e g u la t e d  d i r e c t l y  o r  i n d i r e c t l y  by th e  a c t i o n s  o f  b a c t e r i a ;  
p a r t i c u l a r l y  t h e  anae rob ic  r e a c t i o n s  o f  fe rm e n ta t io n  and s u l f a t e  reduc­
t i o n .  B io tu rb a t io n  e f f e c t s  were a l s o  s t r e s s e d .  The major f a c e t  la ck ing  
in  t h e s e  s t u d i e s  was m i c ro b io lo g ic a l  a n a l y s e s .  I t  was t h e  purpose o f  th e  
p r e s e n t  s tudy  to  examine c e r t a i n  a s p e c t s  of  th e  geochemis try  of  Great  Bay
1
sediments t o g e t h e r  w i th  m i c ro b io l o g ic a l  a n a ly se s  to  ad d re s s  t h e  fo l low ing  
q u e s t i o n s .  How a r e  some of  t h e  major biogeochemical  p ro cesse s  in e s t u a ­
r i n e  sedim en ts  r e l a t e d ?  How and why do they  vary? What even ts  r e g u l a t e  
r a p id  changes d u r ing  s p r in g  " tu rn o v e r" ?  To what e x t e n t  does b i o t u r b a t i o n  
a f f e c t  t h e s e  p ro c e s s e s ?
I .  LITERATURE REVIEW
Diagenesi s
D iagenes i s  r e f e r s  to  t h e  p rocesses  which cause  changes in s e d i ­
ments o r  sed im enta ry  rocks subsequen t  to  d e p o s i t i o n  (B e rne r ,  1980). 
Although b a c t e r i a  have been im p l ic a te d  as th e  primary d i a g e n e t i c  
agen t s  (Berner ,  1971; Brown e t  al_. , 1972; Goldhaber and Kaplan,  1974) 
knowledge o f  th e  r o l e  o f  b a c t e r i a  in th e  d i a g e n e s i s  o f  marine sedim en ts  
has been de r iv e d  l a r g e l y  from geochemical s t u d i e s  of  t h e  d i s t r i b u t i o n  
o f  v a r ious  chemical c o n s t i t u e n t s  (Berner ,  1971, 1974; Martens and Berner ,  
1974, 1977; Mar tens ,  e t  al_, 1978; Murray e t  al_, 1978; Waples and S loan ,  
1980).
Models assumming s teady  s t a t e  d i a g e n e s i s  have been used to  q u a n t i ­
t a t e  p a r t i c u l a r  chemical and b i o l o g i c a l  p rocesses  in marine sed imen ts  
(B erne r ,  1971, 1974, 1980; Jo rgensen ,  1978b, Goldhaber and Kaplan,
1974).  The a v a i l a b i l i t y  o f  o rgan ic  m a t t e r ,  i t s  ease  o f  d e g r a d a t io n ,  
and th e  a v a i l a b i l i t y  o f  t e rm ina l  e l e c t r o n  a c c e p to r s  a r e  t h e  most 
im por tan t  c o n s i d e r a t i o n s  when examining d i a g e n e s i s  (Berner ,  1971,
1974).
Sediments can be d iv id ed  in t o  biogeochemical  zones accord ing  to
t h e  e n e r g e t i c s  o f  b a c t e r i a l  metabolism governed by th e  e l e c t r o n
2-a c c e p to r s  oxygen (O2 ) ,  n i t r a t e  (NOg), s u l f a t e  (S0^ ) and carbon d io x id e  
(C02 ) (Fenchel and R e i d l ,  1970; Claypool and Kaplan,  1974; Sorensen e t  
a l . ,  1979; J o n e s ,  1980).  Oxygen r e s p i r a t i o n  i s  th e  most e f f i c i e n t  
m e tabo l i c  p rocess  and co n t in u es  as long as oxygen i s  a v a i l a b l e .  When
3
4o rg an ic  m a t t e r  i s  d e p o s i t e d  a t  a r a t e  exceeding th e  d i f f u s i o n a l  supp ly  
o f  oxygen from th e  o v e r ly in g  w a te r ,  a n ae ro b ic  r e s p i r a t i o n  ensues .
Based on e n e r g e t i c  c o n s i d e r a t i o n s  (Claypool and Kaplan,  1974; J o n e s ,  
1980) n i t r a t e  r e s p i r a t i o n  preceeds  s u l f a t e  r e s p i r a t i o n  which preceeds 
carbon d io x id e  r e s p i r a t i o n  (methane p r o d u c t i o n ) .  Hence,  t h e s e  zones 
a r e  s i t u a t e d  in h o r i z o n t a l  sequence.  The s i z e  o f  each zone i s  dependent  
on th e  q u a n t i t y  and n a t u re  o f  t h e  o rg an ic  m a te r i a l  as  well  as  on the  
p resence  and c o n c e n t r a t i o n  of  e l e c t r o n  a c c e p to r s  (B erne r ,  1974).
The anae rob ic  d e g ra d a t io n  o f  o rg an ic  m a t t e r  g e n e r a l l y  proceeds 
v ia  a consor t ium o f  microbes .  Some c a r r y  ou t  f e rm e n ta t io n  r e a c t i o n s  
which g e n e r a t e  reduced low m olecu la r  weight  compounds which a r e  p r e ­
c u r s o r s  o f  o t h e r  r e a c t i o n s ,  p a r t i c u l a r l y  s u l f a t e  r e d u c t io n  (Sorok in ,  
1966) and methanogenesis  (Winfrey and Zeikus ,  1979a,  b ) .  Although 
fe rm e n ta t io n  i s  t h e  l e a s t  e f f i c i e n t  m e tab o l i c  p rocess  (Claypool and 
Kaplan,  1974; J o n e s ,  1980),  i t  i s  encountered  th roughou t  t h e  anoxic 
reg ion .
Ox.yqen
Microbia l  a c t i v i t y  i s  a e ro b i c  in  uppermost sed iments  which a r e  
exposed t o  o x id i z e d  o v e r ly in g  w a te r s .  Aerobic h e t e r o t r o p h i c  b a c t e r i a  
a r e  involved  in d i v e r s e  decomposit ion (Wiebe and L i s t o n ,  1972; Pomeroy 
e t  aj_. , 1977) in  which m i n e r a l i z a t i o n  i s  more complete than in anoxic 
systems (ZoBel l ,  1946; Pomeroy e t  al_, 1977).  ZoBell (1942) c a l c u l a t e d  
t h a t  th e  oxygen up take  by sediment  b a c t e r i a  was more than  s u f f i c i e n t  
to  r e n d e r  sediments anoxic .  Howeler and Bouldin (1971) determined 
t h a t  oxygen consumption r a t e s  o f t e n  can be d e s c r ib e d  by models which 
inc lude  b i o l o g i c a l  and chemical o x i d a t io n .  A b io t i c  oxygen removal i s  
due p r i m a r i l y  to  the  o x id a t io n  o f  reduced s u l f u r  s p e c i e s  (Berner ,  1971).
5The a e ro b i c  l a y e r  can vary from l e s s  than  one mm (ZoBell and 
Feltham, 1942) t o  many m (Krumbein and G a r r e l s ,  1952) in t h i c k n e s s  and 
i s  almost  always s i t u a t e d  above an anoxic  reg io n  (Fenchel  and R e i d l ,
1970).  However, reduced micron iches  o f t e n  occur  w i th in  t h e  ox id ized  
zone and have been demonst ra ted  as s i t e s  o f  s u l f a t e  r e d u c t io n  ( Jo rgensen ,  
1977b) and im p l ic a te d  as s i t e s  of  d e n i t r i f i c a t i o n  (Oren and Blackburn,
1979).
N i t r a t e  Reduction
N i t r a t e  r e d u c t io n  i s  no t  cons ide re d  im por tan t  in many n e a r s h o re  
marine environments because o f  r e l a t i v e l y  low c o n c e n t r a t i o n s  o f  n i t r a t e  
( B e l l a ,  1972; Claypool and Kaplan,  1974).  Oxygen and s u l f a t e  a r e  co n s id e re d  
more im por tan t  o x id a n t s  (Vanderborght  e t  al_. , 1977). However, n i t r a t e  
r e d u c t io n  can become im por tan t  in tem pera te  sediments  du r ing  w in t e r  
(Sorensen ,  1978) and in  sediments below th e  eupho t ic  zone where n i t r a t e  
i n c r e a s e s  and e n la rg ed  o x id ized  zones supply  n i t r a t e  th rough n i t r i f i c a t i o n  
(Bender e t  a j [ . , 1977; Vanderborght  e t  a]_., 1977; Grundmanis and Murray,
1977; B i l l e n ,  1978; Lyons e t  £1_., 1980). N i t r a t e  r e d u c t io n  i s  a l s o  
im por tan t  in s a l t  marsh s o i l s  where l a t e r a l  w a te r  movement and n i t r i f i ­
c a t i o n  around S p a r t i n a  r o o t s  supply  ox id ized  n i t r o g e n  (Kaplan e t  aj_,
1979; V a l i e l a  and T e a l ,  1979).
S u l f a t e  Reduction
S u l f a t e  r e d u c t io n  i s  c ons ide re d  th e  most im por tan t  m i c r o b i a l l y -  
mediated  anae rob ic  t r a n s f o r m a t io n  in n ea r s h o re  marine sed iments  because 
s u l f a t e  i s  t h e  dominant oxygen-con ta in ing  ion involved  in marine 
anae rob ic  metabolism (Goldhaber and Kaplan,  1974). The p rocess  i s  
accompanied by th e  r e g e n e ra t i o n  o f  n u t r i e n t s  (Berner ,  1977; Goldhaber 
e t  al_, 1977; Martens e t  al_. , 1978; Lyons e t  al_. , 1980) and th e  end
6produc ts  a r e  r e a c t i v e  and geochemically  im por tan t  (Berner ,  1971;
1974).  S u l f a t e  r e d u c t io n  can be d e s c r ib e d  by th e  equa t ion  o f  Richards 
(1965):
(CH,0) (NH,) POy, + 53 S O /  ►
^ 106 13 16 ^ ^
106 C02 + 106 H20 + 16 NH3 + P04 + 53 H2S.
S u l f a t e - r e d u c i n g  b a c t e r i a . S u l f a t e - r e d u c i n g  b a c t e r i a  were demonst ra ted  
in marine sediments by R i t t e n b e rg  (ZoBel l ,  1942) and ZoBell and R i t t e n b e rg  
(1948) and a r e  widespread  in n a t u r e  (Baas Becking e t  al_. , 1960).
The physio logy  o f  d i s s i m i l a t o r y  s u l f a t e - r e d u c i n g  b a c t e r i a  has
been reviewed by ZoBell (1958) ,  Peck (1962) ,  P o s tg a te  (1965,  1979) and
Roy and Trud inger  (1970) .  The genera ,  D e s u l fo v ib r io  and Desulfotomaculum 
a r e  r e s p o n s i b l e  f o r  th e  u b iq u i to u s  phenomenon. These genera d i f f e r  in 
t h a t  t h e  former i s  non-sporeform ing ,  curved o r  s p i r i l l o i d ,  u s u a l l y  
m e soph i l ic  and s a l t - t o l e r a n t .  The l a t t e r  forms s p o r e s ,  i s  u s u a l l y  a 
s t r a i g h t  rod ,  may be m e s o p h i l i c ,  i s  u s u a l l y  t h e rm o p h i l i c  bu t  not  
h a l o p h i l i c .  Marine i s o l a t e s  a r e  common and u s u a l l y  belong to  t h e  genus 
D e s u l f o v i b r i o . S t r a i n s  which have an a b s o lu t e  requ i rem en t  f o r  more 
than  V/o sodium c h l o r i d e  o f ten  a r e  given th e  subspec ies  s t a t u s  a e s t u a r i i  
( i . e .  D e s u l fo v ib r io  d e s u l f u r i c a n s  a e s t u a r i i ) ,  a n o t a b l e  sodium c h l o r i d e  
r e q u i r i n g  excep t ion  being D e s u l fo v ib r io  s a l e x i g e n e s  ( P o s t g a t e ,  1979).
All s u l f a t e - r e d u c i n g  b a c t e r i a  a r e  o b l i g a t e  anae robes  and growth i s  
i n h i b i t e d  in t h e  p resence  o f  oxygen ( P o s t g a t e ,  1979).
S u b s t r a t e s  which a r e  me tabo l ized  by s u l f a t e - r e d u c i n g  b a c t e r i a  a r e  
l i m i t e d .  In most i n s t a n c e s  they  u t i l i z e  low molecu la r  weigh t  o rgan ic  
f e rm e n ta t io n  p roduc ts  f o r  energy sources  (Sorok in ,  1966; P o s tg a t e ,
1965, 1979; Domka and S zu lc y z n sk i ,  1979). The narrow range of  s u b s t r a t e s
7metabol ized  has le d  to  t h e  premise t h a t ,  in n a t u r e ,  s u l f a t e - r e d u c i n g  
a c t i v i t y  occurs  s y n t r o p h i c a l l y  with  f e r m e n ta t i v e  h e t e r o t r o p h i c  b a c t e r i a  
(Tezuka,  1966).
S u b s t r a t e s  c a t a b o l i z e d  by s u l f a t e - r e d u c i n g  b a c t e r i a  i n c lu d e  Cg and 
and s u b s t i t u t e d  f a t t y  a c id s  such as l a c t a t e ,  p y ru v a te ,  fu rm a ra te  o r  
ma la te .  G ly c e ro l ,  c e r t a i n  s imple a l c o h o l s ,  c e r t a i n  a c id s  o f  t h e  t r i c a r ­
boxylic '  a c id  c y c l e  and C-j compounds such as methanol or  fo rmate  a r e  
o c c a s i o n a l l y  used (Sorok in ,  1966; P o s tg a t e ,  1965, 1979).  Most s u b s t r a t e s  
a r e  degraded to  a c e t a t e  and carbon d io x id e .  A c e ta te  was c ons ide re d  
s o l e l y  as an end p roduc t  o f  s u l f a t e - r e d u c t i o n .  Yet e a r l y  work with  crude 
enrichment  c u l t u r e s  i n d i c a t e d  a slow d isap p ea ran ce  o f  a c e t a t e  ( P o s t g a t e ,  
1979). F i n a l l y ,  Widdel and Pfenning (1977) i s o l a t e d  an a c e t a t e - o x d i z i n g ,  
s u l f a t e - r e d u c i n g ,  sporeforming bac ter ium (Desulfotomaculum a c e t o x i d a n s ) .
As a r u l e ,  pure c u l t u r e s  do not  m e tabo l i ze  ca rb o h y d ra te s  ( P o s t g a t e ,
1979).  However, Akagi and Jackson (1967) have shown t h a t  th e  th e rm o p h i l e ,  
Desulfotomaculum n i g r i f i c a n s , u t i l i z e s  g lucose  with  th e  p roduc t ion  of  
a c e t a t e ,  e t h a n o l ,  and carbon d io x id e .
Most s t r a i n s  o f  s u l f a t e - r e d u c i n g  b a c t e r i a  use gaseous hydrogen f o r  
th e  r e d u c t io n  o f  s u l f a t e .  Although t h i s  r e a c t i o n  y i e l d s  s u f f i c i e n t  
energy f o r  growth,  t h e  a u t o t r o p h i c  a s s i m i l a t i o n  o f  carbon d io x id e  as a 
s o l e  carbon source  has y e t  to  be dem onst ra ted  ( P o s t g a t e ,  1979).  The 
mixo t roph ic  a s s i m i l a t i o n  o f  carbon d io x id e  and a c e t a t e  dur ing  hydrogen 
o x id a t io n  has been r e p o r t e d  (Badziong e t  aj_. , 1978).  Fur thermore ,  s u l f a t e -  
reduc ing b a c t e r i a  u t i l i z e  "incomple te"  s u b s t r a t e s  whereby in o rg an ic  
hydrogen i s  s u pp l ie d  from o rgan ic  compounds ( P o s t g a t e ,  1979).
S u l f a t e  r e d u c t io n  r a t e s . Although much o f  th e  microb io logy  of  the
s u l f u r  c y c l e  i s  well  known, l e s s  in fo rm a t ion  i s  a v a i l a b l e  on th e  q u a n t i ­
t a t i v e  importance  o f  p a r t i c u l a r  r e a c t i o n s  ( Jo rgensen ,  1977a).  Rates of  
s u l f a t e  r e d u c t io n  have been c a l c u l a t e d  from th e  accumula t ion  o f  metal  
s u l f i d e s  (Kaplan e t  £ l_ . , 1963).  However, t h e s e  r e s u l t s  may u n d e re s t im a te  
t r u e  r a t e s  because o f  t h e  lo s s  o f  d i s s o lv e d  s u l f i d e s  which a r e  not  
p r e c i p i t a t e d  (Jo rgensen  and Cohen, 1977).  Mathematical models which a r e  
based on th e  s t e a d y  s t a t e  g r a d i e n t s  and d i f f u s i o n  o f  s u l f a t e  and sed im enta ­
t i o n  r a t e s  have y i e l d e d  i n d i r e c t  e s t i m a t e s  o f  s u l f a t e  r e d u c t io n  r a t e s  
(SRR) (Berner ,  1964, 1971, 1974, 1980; Jo rgensen ,  1978b).  These models 
may g ive  er roneous  r e s u l t s  i f  s teady  s t a t e  c o n d i t i o n s  a r e  no t  m a in ta ined  
( Jo rgensen ,  1977a) SRR have a l s o  been de termined  f o r  " j a r "  exper iments  
in which th e  d e c re a s e  in s u l f a t e  i s  fo l lowed  th rough t ime (Nakai and 
Jensen ,  1964; Martens and Berner ,  1974).  Of ten ,  long in c u b a t io n s  a r e  
needed f o r  " j a r "  exper iments  which led  t o  u n d e re s t im a te s  o f  t r u e  r a t e s  
( Jo rgensen ,  1978a).  Oremland and Silverman (1979) used changes in e l e c t r i ­
cal  impedance to  e s t i m a t e  SRR.
QC
The development o f  r a d i o t r a c e r  t e ch n iq u es  (Sorok in ,  1962) us ing S 
has improved th e  q u a n t i t a t i v e  knowledge concern ing  s u l f a t e  r e d u c t io n  f o r  
s h o r t  i n c u b a t io n s .  These methods have been examined and developed  in 
d e t a i l  by Jorgensen  ( Jorgensen  and F enche l , 1974; Jo rgensen ,  1977a,
1978a).  B r i e f l y ,  small volume (<25^1) t r a c e r  l e v e l s  o f  ^ S -S O ^"  a r e  
i n j e c t e d  in to  sed im en ts  and incuba ted .  The s u l f i d e s  a r e  d i s t i l l e d  and 
t r ap p e d  as metal  s u l f i d e s  (CdS or  ZnS) and th e  r a d i o a c t i v i t y  counted .
Rates o f  d i s s o l v e d  and a c i d - v o l a t i l e  s u l f i d e  p roduc t ion  a r e  de te rmined .
SRR us ing  r a d i o s u l f a t e  have been determined in s u b t i d a l  c l a s t i c  
sediments ( J o rg en s en ,  1977a ,b ) ,  s a l t  marsh s o i l s  (Nedwell and Abram,
1978; Skyring e t  £]_., 1979; Howarth and Tea l ,  1979) ,  c a rb o n a te  sediments
9(Skyring and Chambers, 1976; Hines and Lyons, in p r e s s )  and c y a n o b a c te r i a !  
mats ( Jorgensen  and Cohen, 1977). A c t ive  s r l f a t e  r e d u c t io n  o ccu r red  near  
th e  sediment  s u r f a c e ,  excep t  f o r  some s a l t  marsh s o i l s  where r a p id  r a t e s  
were noted th roughou t  t h e  upper 20-30 cm (Howarth and T ea l ,  1979; Skyring 
e t  al_. , 1979). I t  was p o s t u l a t e d  t h a t  th e  depth d i s t r i b u t i o n  o f  SRR in 
s a l t  marsh s o i l s  was r e g u l a t e d  by th e  supp ly  o f  o rg an ic  m a t t e r  a t  depth  
from S p a r t i n a  r o o t  exudates  (Howarth and Tea l ,  1979).
S u l f a t e  r e d u c t io n  i s  dependent  upon th e  q u a n t i t y  and q u a l i t y  of  
o rg an ic  m a t t e r  (B erne r ,  1971; Goldhaber and Kaplan, 1975; Lyons and 
Gaude t te ,  1979). Goldhaber and Kaplan (1975) found a s i g n i f i c a n t  c o r ­
r e l a t i o n  between t h e  sed im e n ta t io n  r a t e s  and SRR f o r  a v a r i e t y  o f  marine 
sed im ents .  Not on ly  was t h e  q u a n t i t y  of  o rgan ic  m a t t e r  s t r e s s e d  but  t h e  
u t i l i z a t i o n  o f  o rg a n ic  m a t t e r  in th e  r e g u l a t i o n  o f  SRR was recogn ized  
(Lyons and G aude t te ,  1979).
Numbers o f  s u l f a t e - r e d u c i n g  b a c t e r i a  have been used to  imply d i f f e r ­
ences in  a c t i v i t y  r a t e s .  S i g n i f i c a n t  c o r r e l a t i o n s  between r a t e s  and 
numbers o f  s u l f a t e - r e d u c i n g  b a c t e r i a  have been noted ( Jo rgensen ,  1978c; 
Hines and Lyons, in  p r e s s ) .  However, o th e r  workers (Skyring and Chambers, 
1976; Nedwell and Abram, 1978) have not  found t h i s  r e l a t i o n s h i p .  Jorgensen  
(1977a,  1978c) p r e s e n te d  ev idence  t h a t  t h e  methods used to  o b t a in  v i a b l e  
counts  underes t im a ted  t o t a l  abundance by 1000-fo ld  or  more.
Eco log ica l  c o n s i d e r a t i o n s  o f  s u l f a t e  r e d u c t i o n . The s y n t ro p h ic  
r e l a t i o n s h i p  between s u l f a t e - r e d u c i n g  b a c t e r i a  and fe rm en t ing  micro ­
organisms coupled w i th  t h e  n a t u r a l  abundance o f  s u l f a t e  in th e  marine 
environment make s u l f a t e  r e d u c t io n  a marked component o f  a n ae ro b ic  metabo­
l i sm .  When s u l f a t e  r e d u c t io n  i s  a c t i v e  i t  a c t s  as th e  te rm ina l  s t e p  in
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a n a e ro b ic  metabolism (Ze ikus ,  1977).  Jo rgensen  (1977a),  Howarth and Teal 
(1979) ,  Skyr ing e t  a j .  (1979) and A l l e r  and Yings t  (1980) have shown t h a t  
^  30-100 p e rc e n t  o f  t h e  carbon f i x e d  and d e p o s i t e d  in c e r t a i n  marine 
sed im en ts  was m e tabo l i zed  v ia  s u l f a t e  r e d u c t io n  r e a c t i o n s .  However, much 
o f  t h e  chemical  energy  o f  m e tabo l ized  o rg a n ic  compounds remains in i n ­
o rg a n ic  p hase s ,  p a r t i c u l a r l y  reduced s u l f u r  compounds (Jorgensen  1977a; 
Howarth and T e a l ,  1979).
Jorgensen  (1977a) c a l c u l a t e d  a ba lance  f o r  t h e  complete  s u l f u r  
c y c l e  in a c o a s t a l  sed im ent.  S u l f a t e  r e d u c t io n  accounted f o r  53 p e r c e n t  
o f  t h e  t o t a l  carbon m i n e r a l i z e d .  Only 10 p e rc e n t  o f  t h e  s u l f i d e  produced 
was p r e c i p i t a t e d  by metal  ions w hi le  th e  r e s t  was r e o x id i z e d  a t  t h e  s e d i ­
ment s u r f a c e .  The t u r n o v e r  t imes f o r  s u l f a t e  and f r e e  s u l f i d e  were 4-5 
months and 1-5 days ,  r e s p e c t i v e l y .
The s u l f u r  c y c l e  in  th e  c y a n o b a c te r i a !  mats o f  S o la r  Lake (Jorgensen  
and Cohen, 1977) was more dynamic than in c l a s t i c  sed iments  w i th  a s u l f a t e  
tu rn o v e r  t ime o f  22 days .  The SRR were among th e  h i g h e s t  eve r  r eco rded .  
The m a j o r i t y  o f  s u l f a t e  r e d u c t io n  was suppor ted  by th e  i n f l u x  o f  d i s s o lv e d  
o rg a n ic  carbon (DOC) e x c re te d  by p h o to s y n th e t i c  organisms in t h e  p h o t i c  
reg ion  o f  t h e  mat. These mats were unique in  t h a t  c o n s id e r a b le  d i e l ,  
chem ica l ,  and b i o l o g i c a l  changes were noted over  s h o r t  v e r t i c a l  d i s t a n c e s .  
The s u l f u r  c y l c e  in  t h e  w ate r  column o f  S o la r  Lake has been examined in 
d e t a i l  ( Jo rgensen  e t  £ l_ . , 1979).
Nedwell and Abram (1978,  1979) and Abdollohi  and Nedwell (1979) 
i n d i c a t e d  t h a t  tem p era tu re  a f f e c t e d  s u l f a t e  r e d u c t io n  to  a g r e a t e r  degree  
than  t h e  abundance o f  s u l f a t e - r e d u c i n g  b a c t e r i a  or  s u b s t r a t e  a v a i l a b i l i t y .  
Howarth and Teal (1979) noted f o r  s a l t  marsh s o i l s  t h a t  s e a s o n a l l y ,  
s u l f a t e  r e d u c t io n  d id  not  fo l low  tem p era tu re  c l o s e l y .  SRR in c re as ed
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p r i o r  to  t e m p e ra tu re  i n c r e a s e  dur ing  th e  s p r i n g ,  bu t  remained a c t i v e  in 
t h e  f a l l  even a f t e r  t e m p era tu re  d ec reased .  All o f  t h e  pr im ary-produced  
carbon was u t i l i z e d  v ia  s u l f a t e - r e d u c t i o n  p ro c e s s e s .  In c o n t r a s t  to  
Jo rgensen  and Fenchel (1974) ,  Jorgensen  (1977a,  1978a),  Nedwell and Abram 
(1978) and Skyring e t  al_. , (1979) they  found t h a t  t h e  m a jo r i t y  o f  b a c t e r i a l l y -  
produced s u l f i d e s  were recovered  as  p y r i t e  (FeSg) and no t  r ecovered  as 
d i s s o lv e d  o r  a c i d - v o l a t i l e  s u l f i d e s .
Howarth (1979) sugges ted  t h a t  p y r i t e  was formed r a p i d l y  because some
s a l t  marsh s o i l s  were u n d e r s a t u r a t e d  w i th  r e s p e c t  to  i ro n  m onosu l f ides .
The fo rmat ion  o f  p y r i t e  had been cons ide re d  to  be a s low p rocess  t a k in g
e i t h e r  months or  y e a r s  (Berner ,  1970, 1971).  Howarth 's  (1979) r e s u l t s
35i n d i c a t e d  t h a t  SRR d e r iv e d  from S methods may be underes t im a ted  i f  th e  
35in c o rp o r a t i o n  o f  S i n t o  r e s i s t a n t  phases i s  no t  c o n s id e r e d .
Skyring e t  a h  (1979) r e p o r t e d  t h a t  s u l f a t e  r e d u c t io n  was not  r a p id  
in s a l t  marsh s o i l s  i n h a b i t e d  by th e  t a l l  v a r i e t y  o f  t h e  marsh g r a s s ,
S p a r t i n a  a l t e r n i f l o r a , as  compared to  the  s h o r t  S p a r t i n a  zone.  The p e r ­
cen tage  o f  s u l f i d e  recove red  as a c i d - v o l a t i l e  s u l f i d e  v a r i e d  as well  and 
depended on th e  a v a i l a b i l i t y  o f  i r o n .  Nedwell and Abram (1978) a l s o  
d i s c u s s e d  th e  e f f e c t  o f  i ro n  a v a i l a b i l i t y  on s u l f a t e  r e d u c t io n  end pro­
duc ts  in d i f f e r i n g  s a l t  marsh s o i l s .
S u l f a t e  r e d u c t io n  and methanogenesis  based on thermodynamic, c a l ­
c u l a t i o n s  should be mutua l ly  e x c l u s i v e  p rocesse s  (Claypool and Kaplan,
1974; Jones ,  1980).  In most environments t h e s e  t h e o r e t i c a l  c a l c u l a t i o n s  
have been s u b s t a n t i a t e d  (Martens and Berner ,  1974, 1977; Winfrey and 
Zeikus ,  1977; Oremland and T a y lo r ,  1978; Nika ido,  1979; King and Wiebe,
1980b; Sansone and M ar tens ,  1980). Winfrey and Zeikus (1977) have shown 
t h a t  th e  la ck  of  concomitan t  s u l f a t e  r e d u c t io n  and methanogenesis  i s  due
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to  t h e  c o m pe t i t ion  f o r  s u i t a b l e  s u b s t r a t e s ,  t h e  s u l f a t e - r e d u c i n g  b a c t e r i a  
outcompeting th e  methanogens. Both groups o f  b a c t e r i a  occupy s i m i l a r  
n iches  in n a t u r e  (Z e ikus ,  1977). Kosiur  and Warford (1979) have demon­
s t r a t e d  s im ul taneous  r e d u c t io n  o f  s u l f a t e  and p roduc t ion  o f  methane in 
Santa Barbara bas in  sedim ents .
Depth p r o f i l e s  o f  s u l f a t e  and methane in marine sed imen ts  sugges ted  
t h a t  methane i s  consumed in t h e  s u l f a t e  r e d u c t io n  zone (Reeburgh, 1976; 
Barnes and Goldberg 1976; Martens and Berner ,  1977).  A m e th a n e -o x id iz in g ,  
s u l f a t e - r e d u c i n g  bac te r ium  has been i s o l a t e d  (Thauer ,  1979).  S u l f a t e -  
reducing  b a c t e r i a  have been c u l t i v a t e d  in t h e  absence  o f  s u l f a t e  when in 
mixed c u l t u r e  with  methanogens (Bryan t  e t  aj_. , 1977).  The methanogens 
ac t e d  as an a l t e r n a t e  e l e c t r o n  s in k  in l i e u  o f  s u l f a t e .  This  i n t e r ­
r e l a t i o n s h i p  was d e s ig n a te d  i n t e r s p e c i e s  hydrogen t r a n s f e r  (Bryant  e t  a l . ,  
1977).
S ince  th e  p resence  o f  s u l f a t e  u s u a l l y  p rec ludes  m e thanogenes i s ,  t h e  
r e l a t i v e  importance  o f  methane p roduc t ion  depends on th e  s a l i n i t y  o f  an 
environment and th e  e x t e n t  o f  s u l f a t e  d e p l e t i o n .  King and Wiebe (1980a,  
b) found t h a t  methanogenesis  decreased  in impor tance in s a l t  marsh s o i l s  
f lu shed  r e g u l a r l y  w i th  s u l f a t e - r i c h  t i d a l  w a te r s .  Whelan (1974) noted 
in c re a s ed  methane p roduc t ion  in low s a l i n i t y  r eg ions  o f  a s a l t  marsh.
Most o f  [C0^ g en e ra te d  in s u l f a t e - r e d u c i n g  marsh s o i l s  could be accounted  
fo r  by a l k a l i n i t y  g en e ra ted  dur ing  s u l f a t e - r e d u c t i o n .  Hines and Buck 
( in  p r e s s )  found t h a t  methane-producing  b a c t e r i a  i n c re a s e d  in sediments 
s u b j e c t  to  p e r i o d i c  d i l u t i o n  by f r e s h  ground w a te r .  Cappenberg (1974a,  
b,  1975) sugges ted  t h a t  s u l f a t e - r e d u c i n g  and methanogenic b a c t e r i a  could 
occupy th e  same l o c a t i o n  th rough a s y n t r o p h ic  r e l a t i o n s h i p  in which 
a c e t a t e  provided  dur ing  s u l f a t e  r e d u c t io n  was u t i l i z e d  by methanogens.
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S u l f a t e  r e d u c t io n  and i ron  c h e m i s t r y . An im por tan t  envi ronmental  
consequence o f  s u l f a t e  r e d u c t io n  i s  t h e  p roduc t ion  o f  d i s s o lv e d  s u l f i d e s  
(Goldhaber and Kaplan,  1974).  Of th e  t r a n s i t i o n  m e ta ls  which r e a d i l y  
form i n s o l u b l e  s u l f i d e s ,  i r o n  i s  th e  most im por tan t  because  o f  i t s  r e l a ­
t i v e  abundance in c l a s t i c  sed im ents .  The r e a c t i o n s  o f  s u l f i d e s  with  s e d i ­
mentary i ron  have been reviewed by Berner (1971) ,  Sweeney (1972) ,  and
Goldhaber and Kaplan (1974).  The q u a n t i t a t i v e  i n t e r a c t i o n s  of  sedimen-
35t a r y  i ron  with  s u l f i d e  g e n e r a t i o n  r a t e s  as determined by S - s u l f a t e  
r e d u c t io n  have been examined by Jorgensen  and Fenchel (1974),  Jo rgensen  
(1977a,  b,  1978a, b,  c ) ,  Nedwell and Abram (1978) ,  Howarth (1979) and 
Howarth and Teal (1979).
2+ 3+Iron i s  found in  two o x id a t io n  s t a t e s  (Fe and Fe ) ,  t h e  s t a b i l i t y
o f  which i s  a f u n c t i o n  of  t h e  redox o f  th e  env ironment.  Oxidized i ron  
3+(Fe ) r e a d i l y  p r e c i p i t a t e s  as  c o l l o i d a l  oxyhydroxides (Goldhaber and
Kaplan,  1974). G enera l ly  i t  i s  not  recovered  in  a d i s s o lv e d  s t a t e
(Murray and G i l l ,  1978). Reducing c o n d i t i o n s  r e s u l t  in t h e  r e d u c t io n  and
d i s s o l u t i o n  o f  i r o n .  Reduced i ron  d i f f u s i n g  from sed iments  i n t o  o v e r ly in g
wate rs  i s  ox id ized  r a p i d l y  and p r e c i p i t a t e d  (Stumm and Lee, 1960; Stumm
and Morgan 1970; Murray and G i l l ,  1978).  I t s  o x id a t io n  may be slowed
i f  Fe^+ i s  bound to  o rg an ic  m a t t e r  (Theis  and S in g e r ,  1974).
Dis so lved  s u l f i d e s ,  g en e ra ted  dur ing  s u l f a t e  r e d u c t i o n ,  r e a c t  r a p i d l y
with  i ron  and form i ron  monosulf ides  (amorphous FeS, mack inawite ,  and
g r e i g i t e ,  Berner 1969, 1971).  These a r e  th e  a c i d - v o l a t i l e  s u l f i d e s .  Iron
2+p r e c i p i t a t i n g  as monosu lf ides  may be s u p p l ie d  from d i s s o lv e d  Fe or  
c o l l o i d a l  Fe^ (Goldhaber and Kaplan,  1974; Rickard ,  1974).  La te r  d i a ­
g e n e s i s  o f  th e s e  i ro n  s u l f i d e s  g ives  p y r i t e  (FeSg) (Berner ,  1970, 1971),  
which i s  a s t a b l e  minera l  no t  s u s c e p t i b l e  to  a u t o - o x i d a t i o n  (Berner ,  1967;
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Nedwell and Abram, 1978).  The fo rmat ion  o f  i r o n - s u l f i d e  m in e ra l s  has 
been d i s c u s s e d  by Berner  (1967,  1969, 1970) ,  Sweeney and Kaplan (1973) 
and Rickard (1974, 1975).
The d i s t r i b u t i o n  o f  i ron  in anoxic  marine sed imen ts  can be exp la ined  
l a r g e l y  by s u l f u r  chem is t ry  a lone  (Lyons,  1979).  However, o rgan ic  m a t t e r /  
i ro n  i n t e r a c t i o n s  have been im p l ic a te d  as im por tan t  c o n t r o l l i n g  f a c t o r s  
du r ing  c e r t a i n  t imes  o f  th e  y e a r  (Lyons e t  al_. , 1979).
Disso lved  i ron  in marine sediments u s u a l l y  d i s p l a y s  a maximum near  
t h e  sediment  s u r f a c e  and dec re ase s  w i th  dep th  (Murray and G i l l ,  1978;
Lyons, 1979).  I ron  monosulf ides  a l s o  a r e  most abundant  near  t h e  sediment  
s u r f a c e  and d e c re a s e  w ith  depth as they  a r e  conver ted  t o  p y r i t e  (Goldhaber 
e t  a K  , 1977; Jo rg en s en ,  1977a,  b,  1978c).
H e te r o t r o p i c  A c t i v i t y
The preceding  review has emphasized th e  a c t i v i t i e s  o f  b a c t e r i a  in
terms o f  te rm ina l  e l e c t r o n  a c c e p to r  u t i l i z a t i o n .  Yet t h e  r o l e  o f  o rgan ic
m a t t e r  in de te rm in ing  th e  e x t e n t  o f  each zone and th e  troph ic -dynam ics
dur ing  d eg rad a t io n  o f  o rg an ic  m a t t e r  i s  o f  paramount impor tance (Fenchel
and Jorgensen,  1977).  Although th e  geochemis try  and m icrob io logy  invo lv ing
e l e c t r o n  a c c e p to r s  i s  becoming u n rav e led ,  th e  knowledge o f  r a t e s  of
u t i l i z a t i o n  o f  o rg a n ic  e l e c t r o n  donors in n a t u r e ,  p a r t i c u l a r l y  in anoxic
marine sed im en ts ,  remains s p a r s e .  The knowledge of  t u r n o v e r  and m ic rob ia l
14u t i l i z a t i o n  o f  o rg a n ic  m a t t e r  i s  mainly th rough th e  use o f  C- labe led  
s u b s t r a t e s .  S ince  many compounds a r e  a v a i l a b l e ,  t h e  s e l e c t i o n  t a s k  i s  
d i f f i c u l t .  I n v e s t i g a t o r s  have r e l i e d  on the  exam inat ion  o f  i n d i v id u a l  
compounds to  b u i ld  knowledge of  a c t i v i t y  and importance  o f  s p e c i f i c  sub­
s t r a t e s  in n a tu re  (Wright  and Burnison ,  1979).
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The t h r e e  b a s ic  approaches  t o  h e t e r o t r o p h i c  uptake  were summarized 
by Wright (1978) and Wright  and Burnison (1979).  The k i n e t i c  approach 
uses  a s e r i e s  o f  c o n c e n t r a t i o n s  o f  r a d i o l a b e l e d  s o l u t e  and a M ic h a e l i s -  
Menten s a t u r a t i o n  p l o t  o f  r e a c t i o n  v e l o c i t y  versus  s u b s t r a t e  c o n c e n t r a ­
t i o n .  A double  r e c i p r i c o l  o f  t h i s  p l o t  (modif ied  Lineweaver-Burke p l o t ;  
Parsons  and S t r i c k l a n d ,  1962; Wright and Hobbie,  1965, 1966; Will iams and 
Askew, 1968) y i e l d s  t h e  k i n e t i c  param eters  Vmax ( i n t e r p o l a t e d  va lue  t h a t  
im p l ie s  a f u l l  c a p a c i t y  uptake  r a t e ) ,  + Sn ( th e  sum o f  t h e  t r a n s p o r t  
c o n s t a n t  and th e  n a t u r a l  c o n c e n t r a t i o n  o f  a given s u b s t r a t e )  and Tt  
( t u r n o v e r  t ime or  t ime r e q u i r e d  by a p o p u la t io n  f o r  t h e  complete uptake  
o f  an amount o f  s u b s t r a t e  which i s  equal  to  i t s  n a t u ra l  c o n c e n t r a t i o n ) .
The k i n e t i c  approach i s  v a l i d  only  when th e  double r e c i p r i c a l  p l o t  
y i e l d s  a s t r a i g h t  l i n e .  Several  workers ( e . g .  Gocke, 1977; G r i f f i t h s  e t  
a l . ,  1978; J o i n t ,  1979) have p re sen te d  n o n - l i n e a r i t y  f o r  n a t u r a l  samples .
The second approach ,  de s ig n a t e d  t h e  t u r n o v e r  r a t e - t r a c e r  approach 
(Wright ,  1978),  uses only  one c o n c e n t r a t i o n  o f  t r a c e r  s u b s t r a t e  which i s  
s u b s t a n t i a l l y  lower in  c o n c e n t r a t i o n  than  n a t u r a l  s u b s t r a t e .  This t e ch n iq u e  
y i e l d s  T^ on ly  but  i s  s im p le r  than  th e  k i n e t i c  approach s i n c e  i t  r e q u i r e s  
fewer samples.  The i n v e r s e  o f  Tt  d e s ig n a t e d  t h e  tu rn o v e r  r a t e  (Odum,
1971; Wright ,  1978) r e f l e c t s  t h e  f r a c t i o n  of  a v a i l a b l e  s u b s t r a t e  taken  up 
per  u n i t  t ime .  The tu rn o v e r  r a t e  has a l s o  been c a l l e d  " r e l a t i v e  up take  
r a t e "  (Azam and Holm-Hansen, 1973).  Gocke (1977) and G r i f f i t h s  e t  a l .
(1977) found agreement between th e  k i n e t i c  and t r a c e r  approaches .
The t h i r d  approach to  h e t e r o t r o p h i c  uptake  measurements i s  " d i r e c t  
uptake" (Wright ,  1978) in  which th e  n a t u ra l  s u b s t r a t e  c o n c e n t r a t i o n  i s  
measured independen t ly  and m u l t i p l i e d  by t h e  t h e  tu rn o v e r  r a t e .  This 
va lue  i s  t h e  a c tu a l  r a t e  o f  uptake  o f  a given s u b s t r a t e .  The n a tu ra l
c o n c e n t r a t i o n  o f  many compounds cannot  be measured a c c u r a t e l y  and the  
a c t u a l  up take  v e l o c i t y  r a r e l y  i s  determined .
Ear ly  a t t e m p t s  a t  measuring h e t e r o t r o p h i c  a c t i v i t y  u t i l i z e d  s i n g l e  
s u b s t r a t e  c o n c e n t r a t i o n s  and measured th e  up ta ke  o f  r a d io l a b e l  i n t o  
biomass (Saunders ,  1958).  The k i n e t i c  approach was a p p l i e d  l a t e r  (Parsons 
and S t r i c k l a n d ,  1962; Wright  and Hobbie,  1965, 1966).  Will iams and Askew 
(1968) and Hobbie and Crawford (1969) m od i f ied  t e c h n iq u e s  f u r t h e r  to  
measure both  th e  r e s p i r a t i o n  (CC^ p rod u c t io n )  and c e l l u l a r  i n c o r p o r a t i o n  
o f  l a b e l e d  compounds. C h r i s t i a n  ( C h r i s t i a n ,  1976; C h r i s t i a n  and H a l l ,
1977; C h r i s t i a n  and Wiebe, 1978) modif ied  t h e s e  methods f u r t h e r  by 
measuring th e  p roduc t ion  o f  e t h e r - e x t r a c t a b l e  end produc ts  g en e ra te d  d u r ­
ing th e  d eg ra d a t io n  o f  g luc ose .  Novitsky and Kepkay (1981) s e p a r a t e d  low 
m o lecu la r  weigh t  m e t a b o l i t e s  from th e  p a r e n t  s u b s t r a t e s  us ing t h i n  l a y e r  
chromatography.
Other approaches  f o r  e s t i m a t in g  a q u a t i c  m ic ro b ia l  a c t i v i t y  in c lu d e  
uptake  o f  t r i t i a t e d  thymidine (Brock,  1967; Tobin and Anthony,  1978)-, 
au to ra d io g rap h y  (Brock,  1967; Meyer-Reil 1 9 7 8 b ) ,  s u l f a t e  uptake  (Monheimer, 
1978, 1979; Jordan  and P e te r s o n ,  1978) ,  and a d e n y l a t e  energy charge  and 
RNA s y n t h e s i s  (K a r l ,  1979).
Sedimentary M icrob ia l  h 'e te r to rphy
Severa l  r e p o r t s  o f  r a d i o i s o t o p i c  a n a l y s i s  o f  sediment h e t e r o t r o p h i c  
a c t i v i t y  have appeared  s in c e  t h e  f i r s t  r e p o r t  by Munro and Brock (1968).
On a volume b a s i s ,  sediment m ic rob ia l  a c t i v i t y  i s  much h ig h e r  than  in  the  
o v e r ly in g  w a te r  ( C h r i s t i a n  and H a l l ,  1977; G r i f f i t h s  e t  aj_. , 1978).
Munro and Brock (1968) a p p l i e d  th e  k i n e t i c  approach to  t h e  u t i l i z a -  
14t i o n  o f  C - a c e t a t e  in marine sed iments  and observed s a t u r a t i o n  k i n e t i c s  
f o r  two experiments  and f i r s t  o rd e r  k i n e t i c s  f o r  two o t h e r s .  Wood (1970)
17
measured g luc ose  and a c e t a t e  uptake  in e s t u a r i n e  sediments d i l u t e d  1:100.
This d i l u t i o n  in c r e a s e d  th e  r e a c t i o n  t ime.  The p e rc e n t  r e s p i r a t i o n  {%
COg produced) o f  g luc ose  averaged  1 .01 .  Wood and Chua (1973) a p p l i e d
s i m i l a r  te ch n iq u es  t o  Lake O n ta r io  sed iments  and r e p o r t e d  t h a t  t h e  p e r c e n t
r e s p i r a t i o n  o f  g luc ose  ranged from 9-38.  Uniformly l a b e l e d  g lucose  was
1 4 /  xused as opposed to  g lu c o se  6-  C (Wood, 1970).  This  l a b e l i n g  v a r i a t i o n  
may have a f f e c t e d  t h e  d i f f e r e n c e  in  r e s p i r a t i o n  p e rcen tage  (Mayaudon, 
1971).
I
Glucose and a c e t a t e  u t i l i z a t i o n  in sediment s l u r r i e s  was measured in
i
l a k e  sed iments  by H ar r i son  e t  al_. , (1971).  D i lu t i o n s  were s m a l l e r  than 
th o s e  o f  Wood (1970) and r e s u l t e d  in s h o r t e r  r e a c t i o n  t im es .  Hall e t  a l . 
(1972) demonst ra ted  t h a t  in c re a s e d  d i l u t i o n  of  sediments reduced the  
q u a n t i t y  o f  added s u b s t r a t e  n ece ss a ry  to  s a t u r a t e  t h e  a v a i l a b l e  enzyme 
sys tems.
C h r i s t i a n  and Hall (1977) added r a d io l a b e l e d  s u b s t r a t e s  to  w a te r  
o v e r ly in g  sediment  co re s  and f a i l e d  to  s a t u r a t e  m ic rob ia l  enzymes with  
c o n c e n t r a t i o n s  up t o  500 y g l" ^ .  They noted no seasona l  p a t t e r n  in  t u r n ­
over  t imes or  p e r c e n t  m i n e r a l i z a t i o n .  During t ime course  experiments
us ing  g luc ose  over 50 p e rc e n t  o f  th e  l a b e l  i n i t i a l l y  i n c o rp o ra te d  i n t o
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m ic rob ia l  biomass was p r e s e n t  in th e  s o l i d  phase a f t e r  31 days.  A major
p o r t i o n  o f  t h e  in c o rp o ra te d  l a b e l  was recovered  as l i p i d s .
C h r i s t i a n  (1976) ,  C h r i s t i a n  and Hall (1977) and C h r i s t i a n  and Wiebe
(1978) recovered  a s i g n i f i c a n t  p o r t i o n  of  r a d i o a c t i v i t y  as e t h e r - s o l u b l e  ,
14d i s s o lv e d  m a te r i a l  a f t e r  in c u b a t io n  o f  s a l t  marsh s o i l s  with  C-glucose .  
They proposed t h a t  t h e  e t h e r - s o l u b l e  m a te r i a l  c o n s i s t e d  o f  low m olecu la r  
weight  o rg an ic  ac id  and a lcohol  f e rm e n ta t io n  p ro d u c ts .
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Meyer-Reil  (1978a) de s c r ib e d  an in c u b a t io n  method f o r  measuring the  
up take  o f  g lucose  in u n d i s tu rb e d  sandy sediment c o r e s .  Sediment pore
w a te r  c o n t a in in g  r a d i o l a b e l e d  g lucose  was drawn g e n t ly  th rough i n t a c t
t 14 %cores  by vacuum. Gross uptake  r a t e s  ( in c o r p o r a t e d  and r e s p i r e d  C) were
14
s i m i l a r  when e i t h e r  pore  wate r  or  ove r ly in g  seaw ate r  was th e  C c a r r i e r .  
14The r a t e  o f  C u t i l i z a t i o n  was independen t  o f  t h e  n a t u r a l  s u b s t r a t e
c o n c e n t r a t i o n .  The a c t u a l  up take  r a t e  ( t o t a l  g lucose  uptake  c o r r e c t e d
f o r  t h e  n a t u r a l  g lu c o se  c o n c e n t r a t i o n )  v a r i e d ,  depending upon th e  t o t a l
glCicose c o n c e n t r a t i o n  in the  w a te r .  Meyer-Reil (1978a) r e p o r te d  t h a t
5 .3 -1 8 . 4  p e r c e n t  o f  t h e  g lucose  u t i l i z e d  was r e s p i r e d  t o  carbon d io x id e .
The p e rc e n t  r e s p i r a t i o n  appeared  t o  d e c re a se  with  sediment  depth .
Meyer-Riel e t  a_h (1980) ,  working a t  12 sandy beach s t a t i o n s ,
measured g lucose  up take  in  co n ju n c t io n  with  v a r io u s  chemical pa ram e te rs .
E s t im a tes  o f  t o t a l  d i s s o lv e d  carbon and c o n c e n t r a t i o n s  o f  g lucose  and
f r u c t o s e  in  pore  w a te r  al lowed f o r  a c a l c u l a t i o n  o f  t h e  r a t e  o f  t o t a l
m ic rob ia l  carbon up ta ke  and r e s p i r a t i o n .  An ap p a re n t  m ic rob ia l  biomass
tu rn o v e r  t ime o f  100 days was c a l c u l a t e d .  Disso lved  g lucose  r e p r e s e n t e d
one q u a r t e r  o f  th e  t o t a l  l a b i l e  d i s s o lv e d  o rgan ic  carbon.
Carbon and e l e c t r o n  f low in s a n d f l a t  sed iments was examined in terms
o f  s u l f a t e  r e d u c t io n  and methanogenesis  (Mountfort  e t  al_. 1980). During
14s u l f a t e  r e d u c t i o n ,  C -a c e t a t e  was degraded to  carbon d io x id e  whereas in
th e  absence o f  s u l f a t e  r e d u c t i o n ,  a c e t a t e  was conver ted  to  methane.
Sansone and Martens (1980) found a s i m i l a r  s i t u a t i o n  in f i n e - g r a i n e d
marine sediments and King and Wiebe (1980) r e p o r te d  s i m i l a r  r e s u l t s  f o r
14
th e  d eg rad a t io n  o f  C-glucose  in s a l t  marsh s o i l s .
14In s a l t  marsh s o i l s  th e  c e l l u l o s e  moiety of  C- labe led  S p a r t i n a  
g ra s s  1 i g n o c e l l u l o s e  was m i n e ra l i z e d  a t  a g r e a t e r  r a t e  than  th e  l i g n i n
19
moiety (Maccubbin and Hodson 1980). W a te r - s o lu b le  components of  n a t u r a l  
d e t r i t u s  were degraded more r a p i d l y  than  th e  f i b r o u s  m a te r i a l  (F a l lo n  and 
P faender ,  1976; G o s s i l i n k  and Kirby,  1974).
The n a tu ra l  anae rob ic  sediment  m i c r o f lo r a  o f  l akes  produced small 
bu t  d e t e c t a b l e  q u a n t i t i e s  o f  a v a r i e t y  o f  v o l a t i l e  f a t t y  a c i d s  dur ing  
d e g ra d a t io n  o f  r a d i o l a b e l e d  g lucose  and amino a c id s  (Molongoski and 
Klug, 1976). C e r t a in  low m olecu la r  weight  a c id s  were c h a r a c t e r i s t i c  of  
t h o s e  produced by s p e c i f i c  c l o s t r i d i a l  s p e c i e s .  Novitsky and Kepkay 
(1981) used one d i r e c t i o n a l  t h i n  l a y e r  chromatography t o  s e p a r a t e  low 
m o lecu la r  weight  m e ta b o l i t e s  produced dur ing  th e  de g ra d a t io n  o f  r a d i o -  
l a b e le d  g lu c o se ,  g lu tam ate  and l a c t a t e .  Cons ide rab le  l a b e l  was recovered  
as m e t a b o l i t e s ,  t h e  pe rcen tage  o f  which v a r i e d  with  dep th .  These sed iments  
were a e ro b ic  to  40 cm. An a c t i v e  c h e m o l i t h o t ro p h ic ,  s u l f u r - o x i d i z i n g ,  
b a c t e r i a l  p o p u la t io n  was lo c a te d  a t  t h e  o x i c /  anoxic  i n t e r f a c e  (Kepkay e t  
a l . ,  1979; Kepkay and Novit sky ,  1980).
The pe rc e n t  m i n e r a l i z a t i o n  o f  r a d i o l a b e l e d  m a t e r i a l s  has r e ce iv ed  
a t t e n t i o n  s in c e  th e  development o f  te chn iques  to  t r a p  carbon d io x id e  
(Hobbie and Crawford,  1969).  Although n u t r i e n t  a v a i l a b i l i t y  ( G r i f f i t h s  
e t  al_. , 1978), anae rob ic  c o n d i t i o n s  and f e rm e n ta t io n  (Wood, 1970) have 
been c i t e d  as im por tan t  f a c t o r s  r e g u l a t i n g  th e  p e rc e n t  m i n e r a l i z a t i o n  of  
o rg a n ic  compounds, r e c e n t  r e p o r t s  (Berman e t  al_. , 1979; Hof le ,  1979;
Tison and Pope, 1980; Tison e t  al_. , 1980) have shown t h a t  t e m p era tu re  has 
a profound e f f e c t .  Pure c u l t u r e s  o f  b a c t e r i a  and n a t u r a l  p e l a g i c  b a c t e r i a  
r e s p i r e d  a g r e a t e r  p e rcen tage  o f  u t i l i z e d  g lucose  when te m pera tu re s  were 
s h i f t e d  above and below th o se  a t  which th e s e  p o p u la t io n s  were adapted 
(Tison and Pope, 1980). P sych ro t roph ic  b a c t e r i a  were p r e s e n t  in f r e s h w a te r  
sediments th roughou t  th e  y e a r  but  i n c re a s e d  in importance  dur ing  c o l d e r  
months (Tison e t  a l . ,  1980).
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B io t u r b a t i o n  and P ia g e n e s i s
Macroorganism a c t i v i t y  has long been recogn ized  t o  have an e f f e c t  on 
p rocesses  o c c u r r in g  in  sed imen ts  (Dapples ,  1942; Hayes,  1964; Rhoads e t  
a l . ,  1977).  However, th e  e f f e c t s  o f  t h e s e  b i o t u r b a t i n g  organisms on 
d i a g e n e t i c  p rocesses  r e ce iv ed  l i t t l e  a t t e n t i o n  u n t i l  they  were examined 
in d e t a i l  by A l l e r  ( A l l e r  and Cochran, 1976; A l l e r ,  1977,  1978; Rhoads ert 
a l . ,  1977, 1978; Goldhaber e t  aj_. , 1977; A l l e r  and Y in g s t ,  1978; Yingst  
and Rhoads, 1981). In g e n e r a l ,  b i o t u r b a t i o n  in c r e a s e s  m ic rob ia l  a c t i v i t y  
above t h a t  found in t h e  absence  o f  macroorganisms (Hargrave,  1970; Fenchel ,  
1970).  The a l t e r a t i o n  o f  b a c t e r i a l  d i s t r i b u t i o n s  th rough p a r t i c l e  rework­
ing ,  t h e  c r e a t i o n  o f  s u b s t r a t e - r i c h  environments such as f e c a l  m a t e r i a l ,  
t h e  consumption o f  b a c t e r i a  by d e p o s i t  f e e d e r s  and th e  a d d i t i o n  and 
removal ,  r e s p e c t i v e l y ,  o f  n u t r i e n t s  and m e t a b o l i t e s  r e s u l t e d  in  i n c re a s e d  
m icrob ia l  growth r a t e s  ( A l l e r ,  1977).
Macrofauna-mediated p a r t i c l e  reworking and w a te r  i r r i g a t i o n  te nd  to  
" s t r a i g h t e n "  sed im enta ry  chemical depth  p r o f i l e s  which would o th e rw is e  
vary  c o n s id e ra b ly  w i th  depth ( A l l e r ,  1977, 1978).  In t u r n ,  b i o t u r b a t i o n  
may a f f e c t  d i r e c t l y  redox c o n d i t i o n s  by t r a n s p o r t i n g  oxygenated w a te r  to  
dep th .  Elements s e n s i t i v e  to  redox changes,  such as i ron  and manganese,  
were a f f e c t e d  by macrofaunal  a c t i v i t y  ( A l l e r ,  1977).  A l l e r  (1977,  1978) 
noted t h a t  th e  d i s s o l u t i o n  o f  i ron  oxyhydroxides and th e  o x id a t io n  of  
i ron  monosulf ides  and p y r i t e  were a f f e c t e d  by b i o t u r b a t i o n  and r e f l e c t e d  
in th e  d i s s o lv e d  i ron  c o n c e n t r a t i o n s .
I I .  MATERIALS AND METHODS
Sampling S i t e s
Two sed im enta ry  envi ronments in  t h e  Grea t  Bay e s t u a r y ,  New Hampshire 
were examined s e a s o n a l l y  (F ig .  1 ) .  The e s t u a r y  i s  a t i d a i l y - d o m i n a t e d  
system (^3 m t i d a l  range)  which r e c e iv e s  f r e s h w a te r  from 7 r i v e r s .  The 
Grea t  Bay i s  p r i m a r i l y  mud f l a t s .  The sediments near  t h e  dock o f  t h e  
Jackson E s tu a r i n e  Labora to ry  (JEL) were s u b t i d a l  (^0 .5  m o v e r ly in g  w a te r  
a t  mean low t i d e )  and c o n s i s t e d  p r i m a r i l y  o f  s i l t s  and c l a y s .  P rev ious  
s t u d i e s  (Armstrong e t  al_. , 1979a) us ing  X -radiographs  o f  co res  c o l l e c t e d  
a t  JEL have demonst ra ted  t h a t  t h e  upper 8-10 cm o f  t h i s  s i t e  was s u b j e c t  
t o  b i o t u r b a t i o n  from June to  December. The s i t e  on t h e  mud f l a t s  near  
t h e  mouth o f  t h e  Squamscott  and Lamprey Rivers (SQUAM) was a l s o  s u b t i d a l  
and sha llow (0 .5  m o v e r ly in g  w a te r  a t  mean low t i d e )  and c o n s i s t e d  of  
s i l t s ,  c l a y s  and f i n e  sand.  The SQUAM sed iments  were no t  b i o t u r b a t e d  
a c t i v e l y  (Armstrong e t  al_. , 1979a).  B io t u r b a t i o n  in t h e  sed iments  o f  th e  
Grea t  Bay e s t u a r y  d e c r e a s e  in t h e  v i c i n i t y  o f  f r e s h w a te r  sources  (Winston 
and Anderson,  1971).
F ie ld  Work and Sampling 
Sediments were c o l l e c t e d  us ing  hand-he ld  p l e x i g l a s s  box co re r s  (Arm­
s t ro n g  e t  al_. , 1979b). Cores were t r a n s p o r t e d  back to  t h e  l a b o r a t o r y  
w i th  t h e  jn_ s i t u  w a te r  l e f t  in  p la ce  over  th e  sed im ent and an a ly se s  
begun immediate ly .  A f t e r  syphoning o f f  t h e  o v e r ly in g  w a t e r ,  cores  were 
p laced  immediately i n t o  a g love  bag which had been p r e f lu s h e d  sev e ra l  
t imes  with  n i t r o g e n  gas .  The n i t r o g e n  atmosphere was r e p la c e d  two more
21
22
F igure  1. S t a t i o n  l o c a t i o n s  f o r  sampling  in  t h e  G rea t  Bay e s t u a r i n e  
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t im es .  The sediment  c o re  was ex t ruded  i n t o  a p l a s t i c  w ra p - l in e d  pan.
Care was taken  to  minimize exposure of  th e  sample to  t h e  l a b o ra t o r y  
atmosphere s i n c e  exposure  leads  to  o x id a t io n  a r t i f a c t s  in both c l a s t i c  
(Loder e t  al_, 1977) and c a rb o n a te  (Lyons e t  al_, 1979b) sed im ents .  B a c t e r i ­
al  ly -m ed ia ted  a n ae ro b ic  r e a c t i o n s  may be a f f e c t e d  by exposure to  oxygen.
The top  12 cm o f  t h e  ex t ruded  co re  was s l i c e d  in t o  two-cm s e c t i o n s  
which were p laced in t o  10 p e rc e n t  h y d ro c h lo r i c  ac id  washed po lypropylene  
v e s s e l s  and homogenized with  a t e f l o n - c o a t e d  s p a t u l a .  A pprop r ia te  volumes 
were t r a n s f e r r e d  to  r e a c t i o n  v e s s e l s  and d i l u t i o n  tu b e s .  The remaining 
sediment  from each s e c t i o n  was p laced  i n t o  ac id-washed c e n t r i f u g e  b o t t l e s  
f o r  t h e  subsequen t  c o l l e c t i o n  o f  pore w a te r  by c e n t r i f u g a t i o n .  C e n t r i fu g e  
b o t t l e  caps were t i g h t e n e d  with  p l i e r s  and s e a l e d  with  p l a s t i c - t a p e  to  
p reven t  e n t r a n c e  o f  oxygen.  All r e a c t i o n  v e s s e l s  and c e n t r i f u g e  b o t t l e s  
were p r e - f l u s h e d  w i th  n i t r o g e n .
S u l f a t e  Reduction Rates (SRR)
Rates o f  s u l f a t e  r e d u c t io n  were determined r ad iom et r i ca l l .y -u s ing  
sediment  mixing methods s i m i l a r  to  those  o f  Jorgensen  and Fenchel (1974) ,  
Nedwell and Abram (1978) ,  Jorgensen  (1978a) and Howarth and Teal (1979).  
Working in a n i t r o g e n - f i l l e d  g love  bag,  t r i p l i c a t e  5-ml s y r in g e s  with  the  
d i s t a l  end removed were f i l l e d  with  homogenized sediment by f o r c in g  th e  
s y r in g e  in t o  th e  sediment  and withdrawing th e  p lunger .  The open end o f  
th e  s y r in g e  was c lo se d  with  a serum s to p p e r .  Ice  ba ths  were used to  
p reven t  t em pera tu re  changes when nece ssa ry  s in c e  i t  has been determined 
t h a t  even temporary in c r e a s e s  in tem p era tu re  leads  to  e r roneous  r e s u l t s  
( Jo rgensen ,  1978a).  A f t e r  removing the  subsamples from th e  g love bag,  25
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pi i t e r s  o f  a deoxygenated s o l u t i o n  o f  S-sodium s u l f a t e  (New England 
Nuclea r ,  Boston,  Mass.) in a r t i f i c i a l  seaw a te r  (ASW) (Kester e t  al_. , 1967)
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was i n j e c t e d  v ia  a j a l i t e r  s y r in g e  i n t o  each sed im e n t -c o n ta in in g  s y r in g e
w h i le  withdrawing th e  need le .  The s a l i n i t y  o f  th e  ASW was a d j u s t e d  to
35t h a t  o f  t h e  pore w a te r .  The a c t i v i t y  o f  th e  i n j e c t e d  S s o l u t i o n  v a r i e d
between one and t h r e e  uCi,  th e  h ighe r  a c t i v i t i e s  used f o r  w in t e r  samples.
35A 25 pi i t e r  p o r t i o n  o f  th e  S s o l u t i o n  was d i l u t e d  100-fo ld  and the  
r a d i o a c t i v i t y  counted .  Syr inges  were wrapped in aluminum f o i l  and in c u ­
ba ted  f o r  18-48 h a t  in s i t u  t e m pera tu re .  Longest in c u b a t io n  t imes were 
used f o r  w in t e r  samples.  P re l im in a ry  r e s u l t s  i n d i c a t e d  t h a t  r a t e s  were 
l i n e a r  th roughout  t h e  in c u b a t io n  pe r io d .  SRR were l i n e a r  f o r  72 h (Skyring 
e t  al_. , 1978). The r e a c t i o n  was s topped by f r e e z i n g  samples t o  -80°  C 
and s t o r i n g  a t  t h i s  t e m p era tu re  u n t i l  ana lyzed .  Howarth and Teal (1979) 
noted no lo s s  o f  l a b e l e d  s u l f i d e s  w hi le  f ro z e n .
Frozen samples were p laced  in to  60-ml g l a s s  v i a l s  c o n t a in in g  25 ml 
o f  deoxygenated (oxygen- f ree  n i t r o g e n ) ,  d o u b l e - d i s t i l l e d ,  de ion ized  wate r  
( M i l l i p o r e  C o r p o ra t io n ;  Medford, Mass; Q w a t e r ) .  Oxygen-free n i t r o g e n  
was bubbled th rough Q w a te r  f o r  a t  l e a s t  30 min p r i o r  t o  a d d i t i o n  o f  
f rozen  sed iment.  Winkler  t i t r a t i o n s  ( S t r i c k l a n d  and Parsons ,  1972) 
f a i l e d  t o  d e t e c t  oxygen a f t e r  15 min o f  d e gass ing .  Ni trogen was rendered  
oxygen - f ree  by bubbl ing th rough a s o l u t i o n  of  reduced vanadium which was 
p repared  as fo l lo w s :  two g of  ammonium metavanadate was b o i l ed  with  25
ml o f  c o n c e n t r a te d  h y d ro c h lo r i c  ac id  and d i l u t e d  to  250 ml with  Q w a te r .
The green s o l u t i o n  was t r a n s f e r r e d  to  a gas washing tower and bubbled 
with  n i t r o g e n .  Amalgamated z inc  was prepared  by cover ing  10 g powdered 
z inc  with  Q w a te r  and adding two drops o f  co n c e n t ra te d  h y d ro c h lo r i c  ac id  
(12 M) and two drops of  mercury.  Amalgamated z inc  was added to  th e  gas 
washing tower which comple te ly  reduced th e  vanadium to  a pu rp le  c o l o r .
When th e  s o l u t i o n  was exhaus ted  as i n d i c a t e d  by lo s s  of  pu rp le  c o l o r ,  i t
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was r e g e n e ra te d  by th e  a d d i t i o n  o f  c o n c e n t r a te d  h y d ro c h lo r i c  a c i d  a n d /o r  
more amalgamated z in c .  A gas-washing tower c o n t a in in g  Q w a te r  was placed 
b e fo re  t h e  vanad ium-conta in ing  tower to  p reven t  ev a p o ra t io n  o f  t h e  vanadium 
s o l u t i o n .  Bubbling s o l u t i o n s  with  th e  o x y g e n - f r e e , n i t r o g e n  gas did  not 
s i g n i f i c a n t l y  lower t h e  pH.
The g l a s s  v i a l s  were plugged with  amber rubber  s to p p e r s  and connected 
v ia  tygon tub ing  to  two t r a p s  c o n t a in in g  10 ml each o f  t h r e e  p e r c e n t  z in c  
a c e t a t e .  Each t r a p  r e c e iv e d  a few drops o f  a n t i fo rm  B (Baker ,  P h i l l i p s b u r g ,
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N .J . )  t o  p reven t  overf low.  D i s t i l l e d  S - s u l f i d e s  were c o l l e c t e d  as  z inc
s u l f i d e .  No r a d i o a c t i v i t y  was recovered  in the  second t r a p .
To p reven t  l o s s  o f  s u l f i d e s  by a d s o r p t i o n  to  s to p p e r s  and tu b ing  th e
system was used s e v e ra l  t imes  with  un la be led  sed im ents .  To f u r t h e r  check
35th e  e f f i c i e n c y ,  h a l f  o f  a sample o f  S -z in c  s u l f i d e  was counted  while
th e  o t h e r  h a l f  was r e in t r o d u c e d  in t o  th e  o r i g i n a l  d i s t i l l a t i o n  v ia l  and
35c o l l e c t e d  aga in  as z inc  s u l f i d e .  G rea te r  than  96 pe rce n t  o f  t h e  S
la b e l  was recovered  from fo u r  samples.
Two s u l f i d e  pools  were measured.  Disso lved  s u l f i d e s  were c o l l e c t e d
by bubbl ing f o r  one h w ith  oxygen- f ree  n i t r o g e n .  A f te r  r e p l a c in g  with
f r e s h  z in c  a c e t a t e  t r a p s ,  5 ml of  deoxygenated c o n c e n t r a te d  h y d ro c h lo r i c
ac id  was i n j e c t e d  i n t o  t h e  d i s t i l l a t i o n  v i a l  through a ho le  in  th e  s to p p e r .
The a c i d - v o l a t i l e  s u l f i d e s  were c o l l e c t e d  as z inc  s u l f i d e .  R a d i o a c t i v i t y
in t h e  c o l l e c t e d  s u l f i d e s  was counted a f t e r  suspension  in Aquasol (New
England Nuclea r ,  Boston,  Mass.) g e l .  In a l l  c a s e s ,  on ly  h a l f  o f  th e  z inc
s u l f i d e  was counted .  Some z in c  s u l f i d e  may have been d i s s o lv e d  and l o s t
because o f  t h e  low pH o f  Aquasol .  To t e s t  t h i s  assumption ,  s ev e ra l
samples were d iv ided  in h a l f  and counted in  both Aquasol a lone  and Aqua-
35sol c o n t a in in g  phenethy lamine.  No lo s s  of  S was noted.
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Most samples were counted in a Packard (Norwalk,  Conn.) Tr i -C arb
S c i n t i l l a t i o n  Spec t rom ete r  and coun t ing  e f f i c i e n c i e s  determined a f t e r
14 /a d d i t i o n  o f  a C - to luene  i n t e r n a l  s t a n d a rd  (New England N uc lea r ,  Boston
, 3 5  l a  14
M ass. ) .  S ince  S and C have n e a r l y  i d e n t i c a l  energy s p e c t r a ,  C can
be used f o r  de te rm in ing  count ing  e f f i c i e n c y  (Oremland and T ay lo r ,  1978).
Some samples c o l l e c t e d  l a t e r  in t h e  s tudy  were counted on a Beckman
( F u l l e r t o n ,  C a l . )  model LS-1000 S c i n t i l l a t i o n  c o u n te r  and e f f i c i e n c i e s
c a l c u l a t e d  from th e  H number.
The sed iment and l i q u i d  remaining in t h e  t r i p l i c a t e  v i a l s  a f t e r
d i s t i l l a t i o n  were pooled and c e n t r i f u g e d  a t  4,000 xg f o r  20 min and
washed once with  Q w a te r .  S upe rna ta n ts  were f i l t e r e d  th rough 0 .4  ym
Nuclepore f i l t e r s  (P l e a s a n t o n ,  C a l . )  d i l u t e d  with  Q w a te r  t o  200 ml and
one ml a l i q u o t s  counted .  The s u l f a t e  c o n c e n t r a t i o n  o f  t h e  s u p e r n a t a n t s
was determined g r a v i m e t r i c a l l y  as barium s u l f a t e .  Pooling o f  t h e  t h r e e
r e p l i c a t e s  r e s u l t e d  in  an e r r o r  of  l e s s  than  t h r e e  p e r c e n t  on s e l e c t e d
samples.
S u l f a t e  r e d u c t io n  r a t e s  were c a l c u l a t e d  accord ing  to  th e  eq u a t io n  of  
Jorgensen  and Fenchel (1974):
, , (dpm35S-S"2 )(nmoles S04" 2 ) (1 .0 6 )
Rate (nmoles•ml" *day" ) =------------------------------------------------------------------------
/ml samplewWr>m35c cr>-2wdays  incu -  \( vol )(dpm S-S04 ) ( ba^ on t i m e )
To de te rm ine  t h e  q u a n t i t y  o f  a c i d - v o l a t i l e  s u l f i d e s  p r e s e n t  th e
remaining t r i p l i c a t e  z in c  s u l f i d e  p r e c i p i t a t e s  c o l l e c t e d  dur ing  th e  
35d i s t i l l a t i o n  o f  S a c i d - s o l u b l e  s u l f i d e s  were pooled and f i l t e r e d  
th rough t a r e d  Coors c r u c i b l e s .  A f t e r  washing with  Q w a te r ,  t h e  c r u c i ­
b le s  were d r i e d  and weighed.  The t o t a l  amount of  a c i d - v o l a t i d e  s u l f i d e s  
were c a l c u l a t e d  per  ml sed iment.
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Enumeration o f  S u l fa te -R educ ing  B a c t e r i a  
The numbers o f  s u l f a t e - r e d u c i n g  b a c t e r i a  were enumerated on a l a c t a t e
and i r o n - c o n t a i n i n g  medium us ing  spread  p l a t e s  (Lyons e t  al_. , 1980).  At
no t ime were samples exposed to  oxygen. The s u l f a t e - r e d u c i n g  medium 
co n ta in e d  per  l i t e r  75 p e r c e n t  ASW* 3 .5  ml sodium l a c t a t e  (60 p e r c e n t  
s y ru p ) ;  1.0 g NH^Cl; 0 . 5  g KgHPO^; 1 .0  g y e a s t  e x t r a c t ;  0.1 g FeSO^ and 
15.0  g a g a r .  P l a t e s  were incuba ted  a t  20° C f o r  11-15 days p r i o r  to  
enumerat ion.
Glucose Turnover Rates (GTR)
Anaerobic GTR were determined  on sediment  s l u r r i e s  us ing  a m o d i f i c a ­
t i o n  o f  t h e  method o f  C h r i s t i a n  (1978) ,  C h r i s t i a n  and Hall (1977) and 
C h r i s t i a n  and Wiebe (1978).  These t e ch n iq u es  monitored  th e  p roduc t ion  of  
^ C - c a r b o n  d io x i d e ,  b iomass,  and e t h e r - s o l u b l e  end p ro d u c t s .
Working in t h e  n i t r o g e n - f i l l e d  g love  bag,  t r i p l i c a t e  one ml homogen­
ized  sediment samples were c o l l e c t e d  us ing 2 .5  ml s y r in g e s  with  d i s t a l  
ends removed and p laced  i n t o  15-mm d i a m e t e r , n i t r o g e n - f l u s h e d  t e s t  tu b e s .  
Tubes were c lo se d  w i th  serum s to p p e r s  which con ta ined  a suspended p l a s t i c  
cup (Kontes ,  V ineland ,  N . J . )  f i l l e d  with  a c c o r d i a n - f o l d e d  chromatograph 
paper  ( 1 x 5  cm). A f t e r  removal from th e  g love  bag,  tubes  were f lu s h e d  
w i th  oxygen-f ree  n i t r o g e n  by us ing  two s y r in g e  n e e d l e s ,  one a c t i n g  as an 
e x i t  p o r t .  In s i t u  t e m p e ra tu re s  were m a in ta ined  th rough  th e  use o f  w a te r  
ba ths  and r e f r i g e r a t e d  i n c u b a to r s .
A s o l u t i o n  o f  un ifo rm ly  l a b e l e d  ^ C  g lucose  (New England N uclear ,  
Boston ,  Mass.) was p repared  in ASW. The s a l i n i t y  was a d j u s t e d  to  t h a t  of  
t h e  pore w ate r  i s o l a t e d  from each sediment s e c t i o n .  This  s o l u t i o n  was
deoxygenated with  oxygen - f ree  n i t r o g e n  f o r  a t  l e a s t  30 min and one ml
14i n j e c t e d  i n t o  each tu b e .  The f i n a l  a c t i v i t y  o f  C was 0.1 pCi per
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s l u r r y  which r e s u l t e d  in  an a d d i t i o n  o f  30 ng g luc ose  • ml*^ s l u r r y .
14I n j e c t i o n s  were made a t  30 sec  i n t e r v a l s  and th e  C s o l u t i o n  was bubbled
with  oxygen - f ree  n i t r o g e n  c o n t in u o u s ly .  Immediately a f t e r  i n j e c t i o n ,  th e
m ix tu re  was tho rough ly  mixed (Vortex) f o r  10 sec and then  incuba ted  a t  in
s i t u  t e m pera tu re  f o r  15-30 min. The l o n g e s t  in c u b a t io n s  were used f o r
w in t e r  samples.  The r e a c t i o n s  were stopped by i n j e c t i n g  one ml o f  a
s o l u t i o n  of  0.225 N s u l f u r i c  ac id  in 2 .5  p e r c e n t  fo rm a l in  fo l lowed  by
mixing (V or tex ) .  The a c i d  served  t o  l i b e r a t e  i n o rg a n ic  carbon as carbon
14d io x id e  gas.  Contro l s  c o n s i s t e d  o f  d u p l i c a t e  samples which r e c e iv e d  C-
g lucose  immediately fo l low ing  i n j e c t i o n  of  t h e  a c i d / f o r m a l i n  s o l u t i o n .
Tubes were p laced  on i c e  immedia tely  a f t e r  k i l l i n g  t o  p rev en t  l e ach ing  of  
14C - la be led  compounds from c e l l s  (Ramsay, 1976).
Once samples were k i l l e d ,  0 .2  ml o f  t h e  carbon d io x i d e  t r a p p i n g  
ag e n t ,  phenethylamine ,  was i n j e c t e d  onto  t h e  chromatograph paper  (Hobbie 
and Crawford,  1969). Samples were he ld  a t  4° C o v e r n ig h t  to  a l low f o r  
ab s o rp t io n  o f  carbon d io x id e  by th e  phenethylamine.  The paper  was 
removed and th e  r a d i o a c t i v i t y  counted .  To t e s t  t h e  e f f i c i e n c y  o f  t r a p p i n g ,  
b a c t e r i a  in d u p l i c a t e  samples were k i l l e d  and a known dpm o f  ^ C - b i c a r b o n a t e  
i n j e c t e d  and t rapped .  The e f f i c i e n c y  o f  t r a p p i n g  was c o n s i s t e n t l y  60 
pe rce n t  which was the  va lue  ob ta ined  by C h r i s t i a n  (1976).  All ^COg 
va lues  were c o r r e c t e d  by t h i s  f a c t o r .
Once th e  chromatographic paper  was removed, tubes  were c e n t r i f u g e d  
a t  3,000 rpm f o r  10 min and th e  s u p e r n a t a n t s  removed and f ro zen  t o  -80°
C. S u p e rn a ta n ts  were used l a t e r  f o r  de te rm in ing  th e  p roduc t ion  o f  e t h e r -  
s o l u b l e  end p roduc ts .  The p e l l e t s  were washed t h r e e  t imes with  c h i l l e d  
s a l i n i t y - a d j u s t e d  ASW to  remove u n u t i l i z e d  g lu c o s e ,  resuspended in c h i l l e d  
Q w a te r ,  and d r i e d  o v e r n ig h t  a t  60° C.
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Dried sediment was weighed,  ground with  a m or ta r  and p e s t l e ,  and 
20 mg added t o  s c i n t i l l a t i o n  v i a l s .  Samples were suspended in  2 .5  ml 
o f  Q w a te r  and d i s p e r s e d  by s o n i c a t i o n  in a s on ic  ba th .  A ddit ion  of  
7 .5  ml o f  Aquasol y i e l d e d  a s t i f f  gel which held  th e  sediments in s u s ­
pension f o r  s c i n t i l l a t i o n  coun t ing .  Counting e f f i c i e n c i e s  were d e t e r -  
14mined by C i n t e r n a l  s t a n d a r d s .  The use o f  5,  10, 15, 20 and 25 mg 
o f  sediment  y i e l d e d  a l i n e a r  i n c r e a s e  in r a d i o a c t i v i t y .  Counting r e p l i ­
c a t e  20 mg p o r t io n s  of  sediments taken  from th e  same subsample c o n s i s ­
t e n t l y  r e s u l t e d  in  an e r r o r  o f  l e s s  than 5 p e rc e n t .  Counting ^ C  s e d i ­
ments in t h i s  manner agreed well  w ith  r e s u l t s  us ing combustion te ch n iq u es  
( C h r i s t i a n  and H a l l ,  1977).
14The methods f o r  t h e  q u a n t i f i c a t i o n  o f  C - labe led  e t h e r - s o l u b l e  end 
produc ts  were modif ied e x t e n s i v e l y  as compared to  th o s e  of  C h r i s t i a n  
(1976).  He chose e t h e r  as a s o l v e n t  because i t  has been used e x t e n s i v e l y  
as an e x t r a c t a n t  f o r  th e  recovery  o f  common b a c t e r i a l  f e rm e n ta t io n  p ro ­
duc ts  from growth media (low molecu la r  weight  o rgan ic  a c id s  and a l c o ­
h o l s ,  Holdeman and Moore, 1972). C h r i s t i a n  (1976) be l i e v e d  t h a t  th e  
e t h e r - s o l u b l e  f r a c t i o n  could be used f o r  an e s t i m a t e  o f  t h e  p roduc t ion  
o f  b i o l o g i c a l l y  im por tan t  e nd -p roduc t s .
The o r i g i n a l  te chn iques  involved  count ing  th e  r a d i o a c t i v i t y  in th e  
aqueous s u p e rn a ta n t s  be fo re  and a f t e r  e x t r a c t i o n  with  e t h e r .  Since 
in c u b a t io n s  t imes  were kept  s h o r t  t o  i n s u re  t h a t  a c o n s id e r a b l e  q u a n t i t y  
o f  g lucose  remained u n a l t e r e d ,  t h e  d i f f e r e n c e  in counts  a f t e r  e t h e r  
t r e a tm e n t  was u s u a l ly  l e s s  than th e  v a r i a b i l i t y  o f  r e p l i c a t e s  ( C h r i s t i a n  
and Wiebe, 1978).  Hence, C h r i s t i a n  (personal  communication) d i s r e g a rd e d  
r e s u l t s  un le ss  counts  decreased  by more than 10 pe rc e n t  fo l lowing  e t h e r  
e x t r a c t i o n .  During th e  p r e s e n t  s tu d y ,  t h e  e r r o r  imposed by s u b t r a c t i n g
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one l a r g e  number from a n o th e r  was avoided  by count ing  th e  e t h e r  e x t r a c t s  
d i r e c t l y ,
E ther  does not  e x t r a c t  g lucose  bu t  e f f i c i e n t l y  e x t r a c t s  a c i d i f i e d -
fe rm e n ta t io n  p roduc ts  such as a c e t a t e ,  fo rm ate ,  b u t y r a t e ,  p r o p io n a t e ,
l a c t a t e ,  and e thanol  ( C h r i s t i a n  and H a l l ,  1977).  However, as  noted by
C h r i s t i a n  and Hall (1977) and th e  p r e s e n t  s tu d y ,  e t h e r  e x t r a c t e d  an
amount o f  g lucose  e x a c t l y  equal to  t h e  s o l u b i l i t y  o f  w a te r  in  e t h e r
(15 p e r c e n t ) .  S ince  t h e  q u a n t i t y  o f  remaining g luc ose  was no t  known,
i t  could account  f o r  a l a r g e  and v a r i a b l e  p o r t i o n  o f  ^ C - l a b e l  r ecovered
by e t h e r .  To avoid t h i s  problem, e t h e r  e x t r a c t s  were dehydra ted  with
anhydrous magnesium s u l f a t e  p r i o r  to  c o u n t in g .  The lack  o f  r a d i o a c t i v i t y
in dehydra ted  e t h e r  e x t r a c t s  o f  c o n t r o l s  and s t e r i l e  ^ C - g l u c o s e  s o l u t i o n s
i n d i c a t e d  t h a t  g lucose  was removed by the  dehydra t ion  s t e p .  One drawback
14of  t h i s  t e chn ique  was t h a t  small q u a n t i t i e s  o f  C - labe led  o rg a n ic  ac id s
were removed dur ing  d eh y d ra t io n  as w e l l .  The amount o f  a c id  r a d i o a c t i v i t y
removed was equal to  t h e  s o l u b i l i t y  o f  e t h e r  in w a te r  as  de termined  by 
14e x t r a c t i o n s  o f  C - a c e t a t e .  However, th e  i n c r e a s e  in r e p r o d u c i b i l i t y  by 
t h i s  method outweighed th e  s l i g h t  l o s s e s  o f  l a b e l e d  f e rm e n ta t io n  p ro ­
du c t s .
The chosen e t h e r  e x t r a c t i o n  procedure  was as fo l l o w s :  f rozen  s u p e r ­
n a t a n t s  (^2 .5  ml) were thawed,  kept  on i c e ,  and e x t r a c t e d  t h r e e  t imes 
with  fo u r  ml o f  c h i l l e d  e thy l  e t h e r .  E x t r a c t i o n s  were performed by mixing 
(Vortex) f o r  20 sec and removing th e  e t h e r  with  a p a s t e u r  p i p e t t e .  The 
e t h e r  was pooled and an excess  o f  anhydrous magnesium s u l f a t e  added 
(^0 .3  g ) .  A f t e r  20 min,  h a l f  o f  th e  e t h e r  was counted in Aqusaol and 
count ing  e f f i c i e n c i e s  de te rmined by an i n t e r n a l  s t a n d a r d .  Dividing 
samples in h a l f  and e x t r a c t i n g  both r e s u l t e d  in an e r r o r  o f  l e s s  than  one 
p e rce n t .
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The tu rn o v e r  r a t e  o f  g lucose  was c a l c u l a t e d  from th e  sum o f  a l l  
t h r e e  pools  (carbon d i o x i d e ,  biomass ,  e t h e r  s o l u b l e ) :
. dpm recovered  . . .
Turnover r a t e  (h ) -  <jpm added x in c u b a t io n  t ime (h)
14The tu rn o v e r  o f  C-glu tamate  in  a d d i t i o n  to  g lucose  was measured 
in  some samples.  The methods f o r  g lu tam ate  were i d e n t i c a l  to  t h o s e  used 
f o r  g luc ose  excep t  t h a t  th e  p roduc t ion  o f  e t h e r - s o l u b l e  m a te r i a l  was not  
de termined .  The sediment  s l u r r i e s  were amended with  28 ng g lu tam a te  per  
ml.
Pore Hate r  Chemistry
A f t e r  c e n t r i f u g a t i o n  o f  sediments f o r  one h a t  4,000 x g ,  th e  c e n t r i ­
fuge b o t t l e s  were r e tu r n e d  to  a n i t r o g e n - f i l l e d  g love  bag.  The pore 
w a te r  s u p e r n a t a n t  was f i l t e r e d  th rough 0 .4  ym Nuclepore f i l t e r s  us ing  a 
p o lyca rbona te  f i l t e r  a p p a r a tu s .  The f i l t r a t e  was c o l l e c t e d  in  a po ly p ro ­
pylene  v i a l  and p o r t i o n s  t r a n s f e r r e d  by au tom at ic  p i p e t t e  t o ,  1) g l a s s  
t e s t  tubes  precombusted a t  450° C o v e rn ig h t  f o r  d i s s o lv e d  o rg an ic  carbon 
(DOC) a n a l y s i s ;  2) po lypropylene  v i a l s  f o r  i r o n  a n a l y s i s ;  and 3) po lyp ro ­
pylene  v i a l s  f o r  s u l f a t e  and c h l o r i d e  a n a l y s i s .  All p l a s t i c w a r e ,  g l a s s ­
ware,  and p i p e t t e  t i p s  were p rec leaned  in 10 p e r c e n t  h y d ro c h lo r i c  ac id  
and r i n s e d  in Q w a te r .  DOC samples were f rozen  immediately to  -80° C.
Iron samples were a c i d i f i e d  with  10 y l i t e r s / m l  r e d i s t i l l e d - n i t r i c  ac id  
and r e f r i g e r a t e d .  S u l f a t e  and c h l o r i d e  samples were r e f r i g e r a t e d .
DOC was determined using a Barns tead  Organic Carbon Analyze r  (Boston,  
Mass.)  w ith  an e r r o r  o f  l e s s  than  one pe rc e n t  on s e l e c t e d  t r i p l i c a t e  
samples.
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I ron  was de termined  c o l o r i m e t r i c a l l y  us ing  th e  f e r r o z i n e  method o f  
Stookey (1970) and Murray and G i l l  (1976) and had an e r r o r  of  l e s s  than  
one p e r c e n t .  S u l f a t e  was determined g r a v i m e t r i c a l l y  as barium s u l f a t e  on 
t h r e e  ml samples and had an e r r o r  o f  + 0 .4  mM a t  20 mM.
I I I .  RESULTS 
14Uptake o f  C-Glucose Through Time
Time s e r i e s  exper iments  were conducted to  de te rmine  in c u b a t io n
times f o r  g luc ose  u t i l i z a t i o n  r a t e  measurements and uptake k i n e t i c s .  In
14two s e t s  o f  exper im en t s ,  samples of  JEL sediment were i n j e c t e d  with  C- 
g lucose  and t h e  p roduc t ion  of  end produc ts  fo l lowed f o r  an h o r  more.
One exper iment conducted in  June ,  1980, r e v e a le d  a s t a t i s t i c a l l y  s i g n i f i -
14 14c a n t  ( P<0.01) l i n e a r  p roduc t ion  o f  C-carbon d i o x i d e ,  C - p a r t i c u l a t e
14biomass,  and C - l a b e l l e d  e t h e r - s o l u b l e  m a te r i a l  dur ing  t h e  in c u b a t io n  
per iod  (F ig .  2 ) .  S ince  th e s e  p l o t s  d id  not  i n t e r s e c t  both axes a t  z e ro ,  
exponen t ia l  up take  o f  l a b e l  was i n f e r r e d  and expec ted .  A second e x p e r i ­
ment conducted on JEL sed iments  in  J u l y ,  1980, examined th e  p roduc t ion  
14of  C-carbon d io x id e  and e t h e r - s o l u b l e  m a te r i a l  th rough t ime .  These 
r e s u l t s  demonst ra ted  t h e  exponen t ia l  p roduc t ion  o f  e t h e r - s o l u b l e  m a te r i a l  
( l o g / l i n e a r  c o r r e l a t i o n  c o e f f i c i e n t  ( r )  o f  0 .96)  (F ig .  3 ) .  The ^ C -  
carbon d io x id e  p roduc t ion  was d e s c r ib e d  more a c c u r a t e l y  by a l i n e a r  
r e g r e s s io n  than  by l o g / l i n e a r  r e g r e s s i o n  ( r  = 0.98 vs 0 .9 1 ,  r e s p e c t i v e l y ) .
To advance unders tand ing  of  th e  t ime s e r i e s  r e s u l t s ,  a t h i r d  e x p e r i ­
ment was conducted us ing  a ba tch  s l u r r y  system in which 25 ml o f  JEL 
sediment was added to  a 250 ml f l a s k ,  d i l u t e d  to  125 ml w i th  deoxygenated 
ASW ( s a l i n i t y  a d j u s t e d  to  t h a t  o f  pore w a t e r ) ,  s to p p e re d ,  and p re incuba ted  
on a r o t a r y  shaking  machine f o r  15 min a t  20° C under oxygen - f ree
n i t r o g e n .  Anoxic c o n d i t i o n s  were ma in ta ined  a t  a l l  t im es .  A f te r  the
14p re in c u b a t io n  p e r io d ,  U- C-g lucose  was added y i e l d i n g  a f i n a l  a c t i v i t y
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Figure 2. The p roduc t ion  o f  r a d i o l a b e l e d  carbon d i o x i d e ,  p a r t i c u l a t e
14biomass,  and e t h e r - s o l u b l e  m a te r i a l  from U- C-glucose  du r ing  
one h in c u b a t io n  a t  20°C i l l u s t r a t i n g  l i n e a r  up ta ke  in  JEL 
































Figure  3. The p roduc t ion  o f  r a d i o l a b e l e d  carbon d io x id e  and e t h e r -
14s o l u b l e  m a te r i a l  from U- C-glucose dur ing  in c uba t ion  a t  
20° C i l l u s t r a t i n g  exponen t ia l  p roduc t ion  in JEL sediments 
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o f  6 .5  x TO4 dpm per  ml. Two a l i q u o t s  (1 .0  ml) were removed immedia tely
to  s e p a r a t e  t e s t  tube s  which were plugged with  serum s to p p e r s  c o n t a in in g
14chromatographic  paper  s t r i p s  f o r  th e  a b s o r p t i o n  of  C-carbon d io x i d e .  
H ungate ' s  (1969) an a e ro b ic  t e ch n iq u e  was used to  p reven t  e n t r a n c e  of  
oxygen. The r e a c t i o n  f l a s k  was shaken a t  20° C between subsampling.
M icrob ia l  a c t i v i t y  in  subsamples was s topped immediately w ith  a c i d /
14 14fo rm a l in  and samples analyzed  f o r  C-carbon d io x id e  and C - p a r t i c u l a t e
biomass.  The l o s s  o f  ^4C-carbon d io x id e  dur ing  subsampling o r  i n t o  t h e
head space o f  t h e  r e a c t i o n  f l a s k  was no t  moni to red .  However, th e  pH of
th e  system (^ 7 .9 )  was conducive to  t h e  d i s s o l u t i o n  o f  in o rg a n ic  carbon
and th e  carbon d i o x i d e / p a r t i c u l a t e  biomass r a t i o s  were s i m i l a r  to  th o s e
encountered  in c lo s e d  systems.  Half  o f  t h e  subsample s u p e r n a t a n t s  were
counted.  These counts  when m u l t i p l i e d  by two were c o n s id e re d  as the  
14C-DOC p r e s e n t .  The remaining s u p e r n a t a n t s  were f rozen  and in tended  
f o r  e t h e r  e x t r a c t i o n  a n a l y s e s .  However, t h e s e  s u p e r n a t a n t s  were l o s t
because o f  a f r e e z e r  m a l fu n c t io n .  A p l o t  o f  t h e  r e s u l t s  o b ta in e d  demonstra-
14 14te d  an exponen t ia l  p roduc t ion  o f  C-carbon d io x id e  and C - p a r t i c u l a t e
biomass ( l o g / l i n e a r  r e g r e s s i o n  c o e f f i c i e n t s  o f  0 .98 and 0 .9 7 ,  r e s p e c t i v e l y )  
and an exponen t ia l  d e c re a s e  in ^4C-D0C (F ig .  4 ) .  Even though exponen t ia l  
u t i l i z a t i o n  o f  g lucose  was no ted ,  th e  r e s u l t s  from th e s e  exper imen ts  
showed t h a t  dur ing  th e  in c u b a t io n  pe r iod  used f o r  moni to r ing  seasona l  
r a t e s  o f  g lucose  t u r n o v e r  ( i . e .  10-15 min,  summer; 20-30 min,  w in te r )  
up take  was e s s e n t i a l l y  l i n e a r  and c a l c u l a t e d  as such.
The t u r n o v e r  t imes  o b ta in ed  us ing  i n c re a s i n g  c o n c e n t r a t i o n s  o f  g l u ­
cose were measured to  de te rm ine  i f  Michae lis -Menten  s a t u r a t i o n  k i n e t i c s
14a p p l i e d .  For th e s e  exper im en t s ,  C-carbon d io x id e  p roduc t ion  was 
monitored in t r i p l i c a t e  in subsamples amended with  g lucose  co n c e n t r a -
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14F igure  4.  The u t i l i z a t i o n  o f  U- C-glucose  in  an anae rob ic  ^ s l u r r y  du r ing  a 
180 min in c u b a t io n  a t  20° C, May, 1980. DOC r e p r e s e n t s  
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t i o n s  rang ing  over  f o u r  o rd e r s  o f  magnitude.  Glucose was added from a 
f i l t e r - s t e r i l i z e d ,  n o n - r a d i o a c t i v e  s tock  s o l u t i o n  which was d i l u t e d  
acc o rd in g ly .
The tu rn o v e r  t imes  ( in c u b a t io n  t ime d iv ided  by t h e  f r a c t i o n  of  
o r i g i n a l  r a d i o a c t i v i t y  recovered  as ^ C - c a r b o n  d io x id e )  ob ta ined  from a 
r e p r e s e n t a t i v e  exper iment were p l o t t e d  a g a i n s t  t h e  c o n c e n t r a t i o n  of  
added g lucose  (F ig .  5 ) .  The y i n t e r c e p t  was t h e  tu rn o v e r  t ime o f  th e  
n a tu ra l  c o n c e n t r a t i o n  o f  s u b s t r a t e  (Sn ) (Wright ,  1973, 1978). Since the  
s lo p e  was e s s e n t i a l l y  ze ro  over  a t h r e e  o rd e r  o f  magnitude range o f  
g lucose  c o n c e n t r a t i o n ,  Michae lis -Menten  k i n e t i c s  d id  not  app ly .  Hence, 
t h e  tu rn o v e r  t ime and tu rn o v e r  r a t e  was independen t  o f  s u b s t r a t e  concen­
t r a t i o n  ( i . e .  f i r s t  o r d e r ) .  At h ig h e r  g luc ose  c o n c e n t r a t i o n s ,  s a t u r a t i o n  
k i n e t i c s  were approached .  T h e re fo re ,  t h e  lowes t  c o n c e n t r a t i o n s  of  
g lucose  were used. S ince  Michae lis -Menten  k i n e t i c s  d id  not  a p p ly ,  only  
tu rn o v e r  r a t e s  were c a l c u l a t e d .  No a t tem p t  was made to  i n c r e a s e  r o u t i n e l y  
g lucose  c o n c e n t r a t i o n s  in o rd e r  t o  c a l c u l a t e  o t h e r  k i n e t i c  parameters  
( i - e .  V I .  In so do ing ,  th e  t r a c e r  approach would have become i n c r e a s -
illaX
i n g ly  i n v a l i d .  S ince  g lucose  uptake was f i r s t  o r d e r ,  d i l u t i o n  o f  s e d i ­
ments i n t o  s l u r r i e s  had no e f f e c t  on t u r n o v e r  r a t e s  ( C h r i s t i a n ,  1978; 
Meyer -Rei l ,  1978a).
14An experiment was conducted to  de te rmine  i f  C o r i g i n a l l y  i n c o r ­
pora ted  in c e l l u l a r  m a te r i a l  was leached  i n t o  th e  e t h e r - s o l u b l e  pool .
14JEL sediments were incuba ted  with  C-glucose .  One s e t  o f  5 r e p l i c a t e s  
was k i l l e d  with  a c i d / f o r m a l i n .  Another s e t  o f  5 r e p l i c a t e s  was c e n t r i ­
fuged a t  1,500 rpm f o r  one min in a s e r o l o g i c a l  c e n t r i f u g e  and the
14s u p e r n a t a n t  r a p i d l y  poured in t o  tubes  c o n t a in in g  a c i d / f o r m a l i n .  C was 
assayed  in the  p a r t i c u l a t e  m a te r i a l  as  usual  and no d i f f e r e n c e s  were
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Figure  5. Modified Lineweaver - Burke p l o t  f o r  carbon d io x id e  produc-
14t i o n  from U- C-glucose i l l u s t r a t i n g  f i r s t  o r d e r  k i n e t i c s .  
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14noted  i n d i c a t i n g  t h a t  C was n o t  s i g n i f i c a n t l y  le ached  from t h a t  pool
C h r i s t i a n  (1978) o b ta in ed  i d e n t i c a l  r e s u l t s  from a s i m i l a r  exper iment .
However, t r e a tm e n t  w i th  a c i d /  fo rm a l in  p r i o r  to  c e n t r i f u g a t i o n  caused a
1430 p e rc e n t  i n c r e a s e  in  t h e  C a s s o c i a t e d  with  t h e  e t h e r - s o l u b l e  poo l .
35Recovery o f  S by Aqua Regia D iges t ion
35S u l f a t e  r e d u c t io n  r a t e s  measured with  S can be u n d e re s t im a ted  i f
l a b e l  in t ro d u ced  i n t o  r e s i s t a n t  phases i s  no t  accounted  f o r  (Howarth,
1979).  The r e l e a s e  o f  l a b e l  by aqua r e g i a  ( b o i l i n g  1:1 c o n c e n t r a t e d
h y d ro c h lo r i c  a c i d  and c o n c e n t r a t e d  n i t r i c  a c i d )  d i g e s t i o n  was used as a
35means o f  reco v e r in g  S p r e c i p i t a t e d  i n t o  a phase which was co n s id e re d
p y r i t e .  To t e s t  whether l a b e l  was removed in t o  a s i m i l a r  phase dur ing
th e  p r e s e n t  s tu d y ,  two cm sediment s e c t i o n s ,  c o l l e c t e d  from JEL dur ing
April  1979, were incuba ted  a t  5° C with  1 .0  p Ci o f  ^ S -S O ^ .  The la b e le d
s u l f i d e s  p r e s e n t  as  w a te r  and a c i d - s o l u b l e  phases were h a rv e s te d  and
counted .  The remaining sediments  were washed fo u r  t imes with  ASW to  
35remove un reac ted  SO^, d r i e d ,  and ground to  a powder. This  procedure  
was fo l lowed by fo u r  ASW washes and fo u r  Q w a te r  washes with  a n o th e r  
d ry ing  and g r in d in g  s t e p  in between.  The r a d i o a c t i v i t y  in wash w ate rs  
was de termined .  The sed iments  were d r i e d  and d i g e s t e d  f o r  1 .5  h in 50 ml 
o f  aqua r e g i a .  The a c i d / s e d im e n t  mix was f i l t e r e d  th rough g l a s s  f i b e r  
f i l t e r s  t o  remove p a r t i c u l a t e  m a t e r i a l .  The f i l t r a t e  was d i l u t e d  to  100 
ml w i th  Q w a te r  and t h e  volume reduced by b o i l i n g  to  ^20 ml. This s o l u t i o n  
was d i l u t e d  to  250 ml w ith  Q w a te r  and th e  s u l f a t e  p r e c i p i t a t e d  as 
barium s u l f a t e .  P r e c i p i t a t e s  were c o l l e c t e d  on 0 .4  pm Nuclepore f i l t e r s  
which were added to  s c i n t i l l a t i o n  v i a l s  and d i s s o lv e d  in two ml o f  phene- 
thy lamine .  The barium s u l f a t e  was suspended in an Aquasol gel and the  
r a d i o a c t i v i t y  counted .
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R a d i o a c t i v i t y  in t h e  wash s o l u t i o n s  decreased  d r a m a t i c a l l y  with  each 
wash.  However, th e  r a d i o a c t i v i t y  i n c re a s e d  in wash w a te r s  a f t e r  each 
d ry ing  and g r ind ing  s t e p  i n d i c a t i n g  t h a t  t h e s e  l a t t e r  t r e a tm e n t s  r e l e a s e d  
bound l a b e l .
The r a d i o a c t i v i t y  r e l e a s e d  by aqua r e g i a  comprised a s i g n i f i c a n t  
p o r t i o n  o f  t h e  t o t a l  la be l  r e l e a s e d ,  a l though  l e s s  v a r i a b l e  (Table 1 ) .  In 
a d d i t i o n ,  t h e  q u a n t i t i e s  o f  l a b e l  r e l e a s e d  by aqua r e g i a  d i g e s t i o n  did  
not  vary with  depth compared to  th e  o t h e r  t r e a t m e n t s .  S im i la r  r e s u l t s  
were ob ta ined  from a sample c o l l e c t e d  in February 1979, excep t  t h a t  t h e s e  
samples were not  washed as r i g o r o u s l y  and th e  counts  recovered  from aqua 
r e g i a  d i g e s t i o n  were h ig h e r .
35Since  aqua r e g i a - r e l e a s e d  S d id  not  vary  a p p r e c i a b ly  with  dep th ,
t h e s e  r e s u l t s  may have been a r t i f a c t s .  An exper iment was des igned  to
35t e s t  t h e  a b i l i t y  o f  un reac ted  SO^ to  adsorb  t o  sed im ents .  A sediment
qc
sample from JEL was i n j e c t e d  with  a 25 u l i t e r  s o l u t i o n  o f  SO^ (1.36  
yCi) and fou r  pe rce n t  fo rm a l in  in ASW. The sample was p rocessed  immedi­
a t e l y  in  a s i m i l a r  manner to  th o s e  d e s c r ib e d  above except  t h a t  only  8 
washes and one g r in d in g  s t e p  were performed.  The r e s u l t s  showed t h a t  a)  
g r in d in g  r e l e a s e d  la b e l  i n t o  a s o l u b l e  s t a t e ;  b) no l a b e l  was p r e s e n t  in 
th e  f i n a l  wash and c)  aqua r e g i a  r e l e a s e d  bound la be l  i n t o  s o l u t i o n
qc
(Table  2 ) .  Hence, a small bu t  s i g n i f i c a n t  q u a n t i t y  of  S-SO^ was adsorbed
r a p i d l y  to  p a r t i c u l a t e  m a t t e r .  The amount o f  la be l  recovered  was s i m i l a r  
35t o  th e  amount of  S recove red  by aqua r e g i a  in t h e  exper imenta l  samples
(Table 1) .  This  f i n d i n g ,  t o g e t h e r  w ith  th e  lack  o f  depth  v a r i a t i o n  in
count s  r e l e a s e d  by d i g e s t i o n  (Table 1 ) ,  i n d i c a t e d  t h a t  the  removal of  
35reduced forms of  S i n t o  r e s i s t a n t  phases was minimal.
35TABLE 1. Re lease  o f  S from JEL sed iments  by t r e a tm e n t s  w i th  co ld
HC1 and aqua r e g i a  on Apr i l  2, 1979.
DPM 35S DPM 35S
Depth cm r e l e a s e d  by HC1 r e l e a s e d  by aqua r e g i a
0-2 1 , 0 6 0 +  l l l a 2,153 + 2 9 0 a
2-4 4 , 9 8 4 + 1 , 5 1 7  2 , 3 4 6 + 4 6 0
4-6  3,408 + 433 1,835 + 71
a - s t an d a rd  d e v i a t i o n  o f  t r i p l i c a t e s
TABLE 2. Adsorption  o f  35S-S0^ to  JEL sediments dur ing  A p r i l ,  1979.
DPM remaining a f t e r  DPM remaining a f t e r  5 washes^ DPM remaining a f t e r  DPM r e le a s e d  
4 washes*3   and g r ind ing_______  8 washes** by aqua r e g ia
5,000 4,800 0 2,400
a -  i n i t i a l  dpm = 3 .0  x 10b 
b -  r a d i o a c t i v i t y  o f  wash water
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F u r th e r  ev idence  f o r  t h i s  co n c lu s io n  was ob ta ined  from a comparison 
o f  t h e  amount o f  la be l  i n j e c t e d  o r i g i n a l l y  i n t o  subsamples with  t h a t  
recovered  as both s u l f i d e s  and d i s s o lv e d  sp e c ie s  a f t e r  c e n t r i f u g a t i o n .
With f o u r  s e p a r a t e  co re s  from two l o c a t i o n s ,  only  63-78 p e rc e n t  o f  the  
la b e l  i n j e c t e d  could be accounted  f o r  in th e  l a t t e r  pools  (Table 3 ) .
Depth P r o f i l e s  o f  B a c t e r i a l  A c t i v i t y  a t  JEL 
Eleven co res  were c o l l e c t e d  a t  JEL over  a 13 month p e r io d .  Cores 
were c o l l e c t e d  most f r e q u e n t l y  du r ing  th e  s p r in g  of  1980. To conserve  
m a t e r i a l s  and t ime,  b a c t e r i a l  a c t i v i t y  r a t e  measurements f o r  t h r e e  cores  
taken  dur ing  th e  s p r in g  were r e s t r i c t e d  to  th e  top  t h r e e  sediment  s e c t i o n s ,  
0-6 cm.
The v a r i a t i o n s  in SRR in th e  8 co res  in which d e t e rm in a t io n s  were
made th roughou t  th e  to p  12 cm a r e  p re sen te d  in Tables 4 and 5. SRR
presen te d  as t h e  sum o f  l abe l  recovered  as d i s s o lv e d  and a c i d - v o l a t i l e
-1 -1s u l f i d e s  v a r i e d  from a minimum of  0 .3  nmoles*ml -d in February ,  1980,
to  a maximum of  400 in  J u l y ,  1979. L i t t l e  depth v a r i a t i o n  in SRR was
observed dur ing  J u l y ,  1979, whereas r a t e s  decreased  markedly with  depth
dur ing  c o l d e r  months.  Except f o r  s p r in g  samples ( A p r i l ,  May, J u n e ) ,  SRR
maxima were lo c a te d  in  sediments deeper  than  one cm.
14The GTR which a r e  p resen ted  as a sum o f  the  C-label  recovered  in 
a l l  t h r e e  pools  decreased  l e s s  dur ing  w in te r  than  th e  SRR (Tables  4 and 
5) .  GTR ranged from 0.176 h"^ in February ,  1980 to  2.35 in J u l y ,  1980.
As was noted f o r  SRR, th e  GTR decreased  more with  depth dur ing  w in te r  
than summer. However, th e  GTR g e n e r a l l y  decreased  l e s s  with  depth than 
did  t h e  SRR. Except f o r  th e  February ,  1980 sample,  t h e  GTR maxima were 
l o c a t e d  a t  0-2 cm.
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35TABLE 3. Recovery o f  S-SO^ i n j e c t e d  i n t o  sediment  subsamples
aLocation dep th ,  
and Date cm
DPM DPM recovered
i n j e c t e d  (xlO ) (X10 )
























































a as  s u l f i d e s  and d i s s o l v e d  sp e c ie s
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TABLE 4.  SRR (nmoles*ml~^*d~^) and GTR (h~^) da ta  f o r  JEL sediments 
c o l l e c t e d  from J u l y ,  1979 th rough February ,  1980.
7-10-79 9-6-79
Depth,cm SRR GTR Depth,cm SRR GTR
0-2 272 + 32 1.70+0.10 0-2 195 + 50 1.46+0.
2-4 387 + 4 1.51+0.17 2-4 242 + 88 1.38+0.
4-6 400 + 78 1.47+0.33 4-6 263 +120 1.55+0.
6-8 359 + 30 0.87+0.17 6-8 112 +8.6 1.52+0.
8-10 373 + 52 1.29+0.10 8-10 100 + 18 1.48+0.
10-12 283 + 49 0.77+0.24 10-12 78.6+14 1.22+0.
12-10-79 2-18-80
0-2 8 .39 + 0 .6 0.37 + 0.03 0-2 29.0  + 2.3 0 .56  + 0.
2-4 16.1 + 1 . 6 0.37 + 0.03 2-4 31.7 + 2 .4 0 .66 + 0.
4-6 18.0 + 2 . 1 0.35 + 0.05 4-6 26.4  + 6.1 0 .69  + 0.
6-8 11.6 + 2 . 7 0.30  + 0.02 6-8 13.6 + 2.9 0 .54  + 0.
8-10 9.1 + 0 . 5 0.22 + 0.03 8-10 8 .0  + 1.0 0.41 + 0.













TABLE 5. SRR ( n m o l e s - m l * d “ ^ ) and GTR (h“ ^) da ta  f o r  JEL sediments 
c o l l e c t e d  from A p r i l ,  1980 th rough  J u l y ,  1980.
4-9-80  5-20-80
Depth.i:m SRR GTR Depth,cm SRR GTR
0-2 19.2 + 2 .3 0.93 + 0.17 0-2 86.0 + 8 .4 1.28 + 0.06
2-4 12.7 + 1.3 0.75 + 0.04 2-4 75.6 + 10 1.07 + 0.05
4-6 14.5 + 2 .6 0.89 + 0.05 4-6 96.3 + 8 .4 1.10 + 0.09
6-8 18.6 + 1 .5 0.83 + 0.04 6-8 78.5 + 25 0.81 + 0.15
8-10 15.8 ±  I - 7 0.48 + 0.13 8-10 51.6 + 9.8 0 .68 + 0.21
10-12 20 .8  +10.6 0.81 + 0.08 10-12 65.6 + 2.5 0.49 + 0.09
7-3-80 7-29-80
0-2 115 + 7.1 1.93 + 0.16 0-2 251 . + 3.5 2.35 + 0.56
2-4 146 + 17 2.00 + 0.42 2-4 334 + 91 2.13 + 0.17
4-6 120 + 12 1.97 + 0.18 4-6 129 + 16 2.09 + 0.20
6-8 87.7  + 3 .5 2.00 + 0.22 6-8 91.4 + 11 2.10 + 0.21
8-10 94.3 + 19 1.74 + 0.16 8-10 76.0 + 7 .5 1.99 + 0.23
10-12 58.8 + 14 1.69 + 0.09 10-12 59.2 + 7 .4 1.75 + 0.18
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C o r r e l a t i o n  c o e f f i c i e n t s  gene ra ted  from l i n e a r  r e g r e s s i o n  a na ly se s  
r evea led  t h a t ,  excep t  f o r  February ,  1980 sample (Table 4 ) ,  no s i g n i f i c a n t  
l i n e a r  r e l a t i o n s h i p  (P<0.05) e x i s t e d  between th e  d i s t r i b u t i o n  o f  GTR and 
SRR. However, c o r r e l a t i o n  c o e f f i c i e n t s  c a l c u l a t e d  us ing GTR and SRR data  
pooled from a l l  co res  were s i g n i f i c a n t  (P < 0 . 0 1 ) .
Depth P r o f i l e s  o f  B a c t e r i a l  A c t i v i t i e s  a t  SQUAM
A c t i v i t y  r a t e  measurements were made on 8 co res  c o l l e c t e d  a t  SQUAM. 
I t  was d i f f i c u l t  to  sample th e  exac t  l o c a t i o n  a t  SQUAM each t ime dur ing
1979. Buoy markers were e a s i l y  l o s t  from s to rm s ,  i c e  r a f t i n g  or  t h e f t .
1980 samples were c o n s i s t e n t l y  c o l l e c t e d  near  a buoy deployed in March. 
SRR da ta  were not  a v a i l a b l e  f o r  June 1979.
A c t i v i t y  r a t e  da ta  fo r  SQUAM samples a r e  p re sen te d  in Tables 6 and
7. The SRR v a r i e d  from u n d e t e c t a b l e  l e v e l s  in February ,  1980 to  126
nmoles-ml"^-d’ ^in June  1980. Hence, SRR r a t e s  were s lower  in SQUAM than 
in JEL sedim ents .  SRR a t  SQUAM c o n s i s t e n t l y  decreased  with  dep th .  As 
was t h e  c a s e  f o r  JEL, SRR maxima were lo c a te d  in sediments deeper  than  
two cm with  th e  exce p t ion  o f  th e  May and June ,  1980 samples.  Very slow 
to  u n d e t e c t a b l e  SRR were recorded  f o r  both 0-2 and 2-4 cm s e c t i o n s  of  the  
December and February cores  a t  SQUAM (Tables 6 and 7),
The GTR a t  SQUAM decreased  l e s s  du r ing  w i n t e r  than  d id  th e  SRR
(Tables  6 and 7) .  The GTR ranged from u n d e t e c t a b l e  l e v e l s  in  October and 
February to  2.28 h-  ^ in J u ly  1980. In most in s t a n c e s  th e  GTR decreased  
with  dep th .  GTR maxima were l o c a t e d  in th e  uppermost  sediment s e c t i o n  (0-  
2 cm). No d e t e c t a b l e  d eg rad a t io n  of  g lucose  was ob ta ined  in th e  8-10 and 
10-12 cm s e c t i o n  o f  t h e  October and March cores  even a f t e r  30 min incuba­
t i o n .
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TABLE 6. SRR (nmoles*ml""^ • d " ^ ) and GTR (h“ ^) da ta  f o r  SQUAM sediments 
c o l l e c t e d  from June ,  1979 th rough  December, 1979.
6-11-79 7-23-79
Depth,cm SRR GTR Depth,cm SRR GTR
0-2 - a 1.32 + 0.09 0-2 99.6  + 24 1.07+0.07
2-4 0 .58 + 0.12 2-4 112 + 59 0.58+0.23
4-6 0.27 + 0.19 4-6 39.6 + 15 0.27+0.09
6-8 0.09 + 0.17 6-8 30.7 + 32 0.09+0.05
8-10 0.07 + 0.11 8-10 10.7+1.1 0.07+0.03
10-12 0.03 + 0.01 10-12 0.03+0.02
10-27-79 12-21-79
0-2 12.3 + 7 .8 0.78 + 0.23 0-2 0.03 + 0 0.37 + 0.02
2-4 25.2 + 15.2 0.65 + 0.09 2-4 1.16 + 0.9 0.35 + 0.06
4-6 25. 5 +; 17.4 0.13 + 0.06 4-6 11.1 + 6.5 0.27 + 0.02
6-8 35.0  + 16.9 0.07 + 0.02 6-8 6.2 + 3.2 0.23 + 0.04
8-10 7 .7  + 0 .9 NDb 8-10 3.2 + 0.9 0.18 + 0.03
10-12 2.9  + 0 .2 ND 10-12 3.8 + 1.5 0 .14 + 0.03
a = no t  de te rmined 
b = ND none d e t e c t e d
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TABLE 7. SRR (nmoles*ml"^ *d- ^ ) and GTR (h~^) da ta  f o r  SQUAM sediments 
c o l l e c t e d  from March, 1980 th rough  Ju ly  1980.
3-10-80  5-2-80
)epth, icm SRR GTR Depth,cm SRR GTR
0-2 NDa 0.87 + 0 .05 0-2 26.7 + 18 1.19 + 0.04
2-4 0.65 + 0 .06 0.82 + 0 .04 2-4 20.1 + 2 .5 1.28 + 0.31
4-6 2.38 + 0 .24 0.49 + 0.06 4-6 25.1 + 6.5 0.89 + 0.17
6-8 2.31 + 0 .38 0.18 + 0.02 6-8 15.7 + 0.9 0 .88 + 0.12
8-10 1.28 + 0 .15 ND 8-10 17.9 + 2.1 0.84  + 0.08
10-12 0.85 + 0 .15 ND 10-12 17.5 + 4 .2 0.78 + 0.09
6-4-•80 7--17-80
0-2 120 + 5 2 1.86 + 0.15 0-2 48.7 + 12 2.28 + 0.16
2-4 84 .4  + 2 .5 1.74 + 0.11 2-4 80.5 + 6.4 1.92 + 0.33
4-6 67.2 + 2 .4 1.73 + 0.08 4-6 84 .0 +20 1.77 + 0.23
6-8 36.1 + 6 .0 1.41 + 0.21 6-8 75.6 + 2.2 1.89 + 0.43
8-10 2 2 . 3 + 1 . 9 0.56 + 0.31 8-10 51.0 + 7.2 1.39 + 0.12
10-12 7 .3  + 1.7 0.07 + 0.02 10-12 29.8 + 2.3 1.09 + 0.21
a ND = none d e t e c te d
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S i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p s  between th e  d i s t r i b u t i o n  o f  both
r a t e s  was noted f o r  t h e  Ju ly  1979 and June 1980 c o re s .  A s i g n i f i c a n t
r e l a t i o n s h i p  between th e s e  paramete rs  was not  found when pooled da ta  were
analyzed  by l i n e a r  r e g r e s s i o n  a n a l y s e s .
14D i s t r i b u t i o n  o f  C-Glucose Degradat ion Products  
14The p e rc e n t  r ecove ry  of  C - labe led  carbon d i o x i d e ,  p a r t i c u l a t e  
biomass,  and e t h e r - s o l u b l e  m a te r i a l  v a r i e d  with  dep th  and season a t  both 
JEL and SQUAM (Tables  8 -1 1 ) .  The p e rce n tag e  o f  recovered  as carbon 
d io x id e  ranged from l e s s  than  4 p e rce n t  (SQUAM - Oct ,  1979) to  g r e a t e r  
than  40 pe rc e n t  (JEL -  J u l y ,  1979).  The p e rc e n t  ^ C - c a r b o n  d io x id e
14recovered  decreased  g e n e r a l l y  with  dep th .  S e a s o n a l l y ,  th e  p e r c e n t  C-
carbon d io x id e  r ecove red  from both l o c a t i o n s  decreased  dur ing  c o l d e r
14months.  During th e  summer th e  p ro p o r t i o n  o f  l abe l  recovered  as C- 
carbon d io x id e  was g r e a t e r  a t  JEL than  a t  SQUAM, whereas l i t t l e  d i f f e r e n c e  
was recorded  between s i t e s  dur ing  w in te r .
14The v e r t i c a l  and seasonal  v a r i a t i o n s  in th e  pe rc e n t  C-carbon 
d io x id e  recovered  was r e f l e c t e d  in th e  changes in ^ C - l a b e l e d  p a r t i c u l a t e  
biomass which tended to  i n c r e a s e  with  depth  and dur ing  w in t e r  (Tables 8-  
11). The e t h e r - s o l u b l e  m a te r i a l  u s u a l l y  comprised l e s s  than 10 pe rc e n t  
o f  t h e  t o t a l  la be l  r ecove red .  Although i t  g e n e r a l l y  in c re a s e d  with  
dep th ,  t h e  e t h e r  s o l u b l e  f r a c t i o n  showed no c l e a r  seasonal  t r e n d s .  The 
low e t h e r - s o l u b l e  f r a c t i o n s  recovered  from th e  June ,  1979 SQUAM sample 
was probably anomalous (Table  10).
S ince  s u l f a t e  r e d u c t io n  g e n e ra te s  carbon d io x id e  dur ing  th e  r e s p i r a ­
t i o n  o f  low molecu la r  weight  f e rm e n ta t io n  p ro d u c t s ,  t h e  i n t e r a c t i o n  
between s u l f a t e  r e d u c t io n  and th e  p e rc e n t  carbon d io x id e  produced from 
g lucose  was examined f u r t h e r .  GTR in sed iments  from JEL on J u l y ,  1980
14TABLE 8: D i s t r i b u t i o n  o f  C as pe rcen t  among carbon d io x i d e ,  p a r t i c u l a t e
biomass,  and e t h e r - s o l u b l e  m a te r i a l  f o r  JEL sediment samples 
c o l l e c t e d  from J u l y ,  1979 through February,  1980 incubated
14with U- C-glucose.
7-10-79
Depth cm c o2 Biomass Ether
0-2 42 . 6 47 . 9 9 . 4
2-4 43 . 4 47.1 9 . 5
4-6 36.8 54.6 8 . 6
6-8 24 . 6 66 . 0 9 . 4
8-10 34.6 57.3 8.1
10-12 24.4 66 . 0 9 . 6
12- 10-79
Depth cm c o2 Biomass Ether
0-2 22 . 6 71.3 6 . 2
2-4 18.1 75.7 6 . 2
4-6 14.9 76.7 8 . 3
6-8 11.4 79.2 9 . 4
8-10 10.7 79 . 8 9 . 3
10-12 6 . 4 8 2 . 8 10.8
9-6-79
Depth cm co2 Biomass Ether
0-2 20.7 72.1 7.1
2-4 23 . 0 70.5 6 . 5
4-6 16.1 77 . 6 6 . 3
6-8 16.3 77 . 0 6 . 7
8-10 15.8 77 . 0 7 . 6
10-12 15.7 74 . 8 9 . 4
2- 18-80
Depth cm co2 Biomass Ether
0-2 13.6 79.3 7.1
2-4 11.7 80 . 6 6 . 6
4-6 10.1 82.1 7 . 3
6-8 11.6 80 . 0 8 . 6
8-10 12.9 78 . 5 8 . 6
10-12 13.3 76.3 10.5
TABLE 9: D i s t r i b u t i o n  o f  C as pe rcen t  among carbon d io x id e ,  p a r t i c u l a t e
biomass,  and e t h e r - s o l u b l e  m a te r ia l  f o r  JEL sediment samples 
c o l l e c t e d  from A p r i l ,  1980 through J u l y ,  1980 incubated  
14with  U- C-glucose .
4-9-80_____________________  5-20-80
Depth cm co2 Biomass Ether Depth cm co2 Biomass Ether
0-2 1176 8 3 .5 4 . 9 0-2 21 .9 21 .9 4 .6
2-4 10 .9 83.1 5 .9 2 -4 13 .6 80.1 6 .4
4 -6 9 .0 8 6 .3 4 .7 4 -6 15.1 77 .2 7.7
6-8 11 .2 8 3 .3 5 .4 6-8 13 .9 79 .2 8 .2
8-10 8 . 6 8 1 .8 9 .6 8-10 13 .9 74 .9 9 .7
10-12 12.7 79.7 7 .7 10-12 15 .7 72 .3 12 .0
7 -3 -80 7--29-80
Depth cm co2 Biomass Ether Depth cm co 2 Biomass Ether
0-2 2 4 .0 76 .0 a 0-2 26 .9 68 .9 4 .2
2-4 2 4 .0 76 .0 - 2 -4 32 .9 6 0 .4 6 .7
4-6 22 .0 78 .0 - 4-6 28 .0 6 1 .0 11 .0
6-8 2 1 .0 7 9 .0 - 6-8 28 .8 6 4 .0 7 .2
8-10 17.1 8 2 .9 - 8-10 30 .5 62 .0 7 .5
10-12 16.5 8 3 .5 - 10-12 22 .0 69 .7 8 . 5
a-  = not  determined
TABLE 10: D i s t r i b u t i o n  o f  C as pe rce n t  among carbon d io x i d e ,  p a r t i c u l a t e
biomass,  and e t h e r - s o l u b l e  m a te r i a l  f o r  SQUAM sediment samples 
c o l l e c t e d  from June,  1979 through December, 1979 incubated  
14with  U- C-glucose .
6- 11-79 1
CMCM1 79







0-2 21.3 78.0 0 .9 0-2 25.0 69.0 6 .0
2-4 16.8 81.7 1.5 2-4 13.3 76.5 10.12
4-6 16.1 82.5 1.5 4-6 19.7 66.9 13.4
6-8 15.0 82.6 2.4 6-8 19.7 69.6 10.7
8-10 15.2 80.7 4 .2 8-10 18.4 64.3 17.5
10-12 19.6 76.9 7.2 10-12 25.0 65.6 9.3
10--26-79 12-21 -79
Depth cm co2 Biomass Ether Depth cm co2 Biomass Ether
0-2 11.9 81.9 6.2 0-2 14.7 82.5 2.7
2-4 7.3 84.2 8 .5 2-4 12.4 82.0 5.6
4-6 5.8 87.0 7.2 4-6 9.4 82.6 7 .5
6-8 3.2 92.5 4 .4 6-8 9.2 83.7 7.1
8-10 NO UPTAKE 8-10 8 .6 83.1 8 .4
10-12 NO UPTAKE 10-12 10.9 84.0 6.9
TABLE 11: D i s t r i b u t i o n  of  as pe rce n t  among carbon d io x i d e ,  p a r t i c u l a t e
biomass,  and e t h e r - s o l u b l e  m a te r i a l  f o r  SQUAM sediment samples
3-10-80
c o l l e c t e d  from March 
14with  U- C-glucose.
, 1980 through J u ly ,
5-
1980 incuba ted 
•2-80
Depth cm co2 Biomass Ether Depth cm co2 Biomass Ether
0-2 9.1 8 4 .2 6 .7 0-2 14.7 8 2 .8 2 .5
2-4 9 .0 81 .2 9 .8 2-4 13 .2 82 .7 4.1
4 -6 9.1 78 .5 12 .4 4 -6 13.1 8 0 .0 6 .94
6-8 7.1 8 0 .9 12 .0 6-8 17 .4 73 .7 8 .9
8-10 NO UPTAKE 8-10 13 .5 79.1 7 .4
10-12 NO UPTAKE 10-12 12 .9 79 .2 7 .9
9- 4-80 7--17-80
Depth cm co2 Biomass Ether Depth cm co2 Biomass Ether
0-2 15 .8 77 .4 6 .8 0-2 20 .6 73 .8 5 .6
2-4 19 .8 71 .7 8 . 5 2-4 20 .4 72 .8 6 .8
4 -6 17.5 73 .8 9 .3 4-6 20 .4 68 .9 10.7
6-8 14 .3 69 .6 11.1 6-8 17 .8 71 .4 10 .8
8 -10 12 .6 79 .3 8.1 8-10 17 .8 70 .5 11 .6
10-12 14 .5 75.1 10 .4 10-12 18 .3 70 .8 10 .9
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were analyzed  in t r i p l i c a t e  in s l u r r y  systems amended with  20 mM ( f i n a l  
c o n c e n t r a t i o n  assuming 50 p e rc e n t  sediment p o r o s i t y )  sodium s e l e n a t e ,  a 
s p e c i f i c  i n h i b i t o r  o f  s u l f a t e  r e d u c t io n  ( P o s t g a t e ,  1963; Taylor  and 
Oremland, 1979).  The sodium s e l e n a t e  and ASW s o l u t i o n s  were added and 
mixed 15 min p r i o r  t o  th e  a d d i t i o n  o f  r a d i o l a b e l .
14The s e l e n a t e  had no e f f e c t  on t h e  d i s t r i b u t i o n  o f  C la be l  among
th e  t h r e e  pools  recove red  o r  on th e  t o t a l  tu rn o v e r  r a t e  (Table 12).
To de te rmine  i f  s e l e n a t e  was an e f f e c t i v e  i n h i b i t o r  o f  s u l f a t e
r e d u c t io n ,  sediments amended with  e i t h e r  deoxygenated 20 mM sodium s e l e n a t e
( f i n a l  c o n c e n t r a t i o n  assuming 50 p e rc e n t  p o r o s i t y )  or  ASW a lone  were 
35i n j e c t e d  with  S0^ and th e  SRR measured.  S e l e n a t e  i n h i b i t e d  s u l f a t e
red u c t io n  by more than  90 p e rc e n t  (Table 13).  Although th e  S i n j e c t e d
14samples were incuba ted  much lo nge r  than  t h e  C samples and th e  s l u r r y
systems d i f f e r e d ,  oxyan ions ,  such as s e l e n a t e ,  r a p i d l y  i n h i b i t e d  s u l f a t e
red u c t io n  (Oremland and T a y lo r ,  1978; Taylor  and Oremland, 1979). The
14lack  o f  a change in t h e  GTR and C-labe l  d i s t r i b u t i o n  in t h e  p resence  of
20 mM s e l e n a t e  demonst ra ted  t h a t  s u l f a t e  r e d u c t io n  was not  r e s p o n s i b l e
14f o r  seasonal  v a r i a t i o n s  in  the  p e r c e n t  C-carbon d io x id e  produced from 
g lucose  d e g ra d a t io n .  S u l f a t e - r e d u c i n g  b a c t e r i a  were not  u t i l i z i n g  g lucose  
d i r e c t l y  in t h e s e  systems.
14A s i g n i f i c a n t  l i n e a r  r e l a t i o n s h i p  e x i s t e d  between p e rc e n t  C-
carbon d io x id e  r e c o v e re d ,  t e m p e ra tu r e ,  and GTR. To de te rmine  th e  magnitude
o f  t h e  e f f e c t  o f  t e m p e ra tu re  on both GTR and la b e l  d i s t r i b u t i o n  in t o
carbon d io x i d e ,  t h e  fo l low ing  exper imen t was conduc ted .  The uptake  of  
14
C-glucose  i n t o  carbon d io x id e  and p a r t i c u l a t e  biomass was measured in 
sediment samples a t  JEL dur ing  August 1980 which had been held  a n o x i c a l l y  
a t  25° C, t h e  in s i t u  t e m p e ra tu r e ,  and a t  4° C f o r  t h r e e  h. Samples were
62
TABLE 12: E f f e c t  o f  sodium s e l e n a t e  on th e  GTR and d i s t r i b u t i o n
14P ercen t  C
Treatment GTR Biomass COg
No Na s e l e n a t e  2 .02  + 0 .19 27 73
20 mM Na s e l e n a t e  2 . 0 9 + 0 . 1 0  26 74
TABLE 13: E f f e c t  o f  sodium s e l e n a t e  on SRR in JEL sediments  c o l l e c t e d
August 19,  1980.
Treatment 
No Na s e l e n a t e  
20 mM Na s e l e n a t e
D i s i n t e g r a t i o n s  per  min 
255,800 + 19,000 
13,500 + 400
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incuba ted  w i th  la b e l  a t  t h e s e  t e m p e ra tu r e s .  The same exper iment was
conducted in A p r i l ,  1981. The r e s u l t s  in Table 14 showed t h a t  t h e  4° C
14te m pera tu re  d ec reased  th e  p e r c e n t  C recovered  as carbon d io x id e  by an 
amount s i m i l a r  to  t h e  d i f f e r e n c e  encountered  f o r  seasona l  samples c o l l e c t e d  
a t  s i m i l a r  te m pera tu re s  ( i . e .  5 .3°  C on Apr i l  9,  1980 and 24° C on Ju ly  
29,  1980, Table  9 ) .  In a d d i t i o n ,  th e  te m p era tu re - in d u ced  d e c re a se  in  GTR 
was n e a r l y  i d e n t i c a l  to  t h e  d i f f e r e n c e  noted f o r  seasonal  samples (Tables 
8 and 9) .
SRR f o r  samples incuba ted  a t  25 and 4° C r e s u l t e d  in a tw o- fo ld  
d i f f e r e n c e  in r a t e s  (Table 15) .  This d i f f e r e n c e  was 1 0 - fo ld  l e s s  than  
t h a t  encountered  f o r  seasona l  r a t e s  a t  s i m i l a r  t e m p era tu re s  (Tables  4 and 
5 )-
Glutamate Uptake 
14The tu rn o v e r  r a t e  o f  C-g lu tamate  was measured in JEL sediments in
14June ,  1980, and aga in  in August,  1980. C - labe led  e t h e r - s o l u b l e  m a te r i a l  
was not  measured. The p a r t i c u l a t e  c o n t r o l s  c on ta ined  approx im ate ly  two- 
t h i r d s  as many counts  as th e  exper imenta l  samples .  Glutamate was tu rned  
over more s lowly  than  g lucose  and a l a r g e r  pe rce n tage  o f  g lu tam ate  was 
r e s p i r e d  to  carbon d io x id e  (Table 16).
35Disso lved  I ron Data and th e  D i s t r i b u t i o n  o f  S - S u l f id e
The d i s s o lv e d  i ro n  c o n c e n t r a t i o n  in th e  sed iments  of  JEL and SQUAM 
(Tables  17 and 18, r e s p e c t i v e l y )  v a r i e d  with  depth and season .  Dissolved  
i ro n  va lues  a t  JEL and SQUAM, r e s p e c t i v e l y ,  ranged from 0.21 t o  23.7 and 
0.12 to  5.42 mg • 1” "* and g e n e r a l l y  decreased  with  dep th .  Highes t  i ron  
c o n c e n t r a t i o n s  were o b ta in ed  f o r  s p r in g  samples whereas lowest  i ron  
c o n c e n t r a t i o n s  occur red  dur ing  th e  w in te r .
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TABLE 14: E f f e c t  o f  t em pera tu re  on GTR and th e  d i s t r i b u t i o n  of  
between carbon d io x id e  and p a r t i c u l a t e  biomass a t  JEL.
8-15-80  (ambient temp = 25° C)
Incuba t ion   %______________
Temp,°C GTR h~ CO2 Biomass
25 .0  1 . 6 + 0 . 2 1  23.7 76.3
4 .0  0 . 7 + 0 . 2 7  10.4 89.6
4-20-81 (ambient  temp = 6° C)
25.0  1 . 3 8 + 0 . 2 6  25.3 74.7
4 .0  1.02 + 0.12 13.7 86.3
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TABLE 15: E f f e c t  o f  t e m p era tu re  on SRR in  JEL sediments from fo u r
cm dep th ,  August 19,  1980'. Ambient t e m pera tu re  was 25° C.
Incuba t ion  temp. ,°C SRR, nmoles « ml"1 ' d~^
25 280 + 50
4 180 + 10
TABLE 16: Glutamate and g lucose  tu rnover  r a t e s  as pe rcen t  a t  JEL
14and th e  d i s t r i b u t i o n  o f  C between carbon d iox ide  
and p a r t i c u l a t e  biomass.
6-7-80
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0.38 + 0.06 























Depth cm GLUTR (h~^) CO2 Biomass GTR CO2 Biomass
2-4 0 . 5 0 + 0 . 1 6  60" 40 1 . 6 9 + 0 . 2 7  24" 76
cr>
' v i
a -  GLUTR = g lu tamate  tu rn o v e r  r a t e  






















17: D i s t r i b u t i o n  o f  d i s s o lv e d  i r o n ,  mg • l i t e r -1 in  JEL sediments
on d i f f e r e n t  d a t e s .
Sample Dates
cm 7-10-79 9-6-79 12-10-79 2-18-80
9 .32 9 .48 4 .56  0.51
9.82 9 .48 3 .57 1.21
10.1 3 .44 1.06 0.21
5.59 0 .78 0.52 0 .60
1.86 0 .89 0 .44 0.26
1.53 1.15 0 .89 0.21
3-10-80 4-9-80  5-2-80 5-20-80
1.28 10.1 9 .75 8 .43
0.93 4 .90  2.23 2.17
0.33 1.41 1.39 1.30
0.36 0 .30  1.30 0.37
0 .28  -  - 0 .24
0.31 0.71 0 .38
6-2-80 7-3-80 7-29-80




6.40 3 .86 1.32
1.13 1.85 0.63
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TABLE 18: D i s t r i b u t i o n  o f  d i s s o lv e d  i r o n ,  mg • l i t e r " ^  in  SQUAM sediments 
on d i f f e r e n t  d a t e s .
_____________________ Sample Dates_________________________
Depth,cm 6-11-79  7-23-79 10-26-79 12-21-79
0-2 4 .93  7.73 0 .72  0.17
2-4 0 .39  2 .84 0 .76 4 .78
4-6  0 .22  4 .12 0 .32 5.83
6-8 0 .16  1.06 0 .28  4 .73
8-10 0 .15  2.27 0.31 1.80
10-12 -  1.05 0 .16 0.82
3-10-80 5-2-80 6-4-80 7-17-80
0-2 0 .42 2 .29 5.42 0.27
2-4 0 .96  2.93 0.73 0 .30
4-6 0 .50  1.96 0 .63 0 .24
6-8 0 .30  1.20 0 .85  0.42
8-10 0 .12 1.04 0 .72 0 .28
10-12 0 .25  0.77 -  0 .24
35The pe rc e n t  S - recovered  as ac id  v o l a t i l e  s u l f i d e s  du r ing  SRR 
measurements v a r i e d  w i th  depth and season a t  both s i t e s  (Tables  19 and 
20) .  The p ro p o r t i o n  o f  la be l  p r e c i p i t a t e d  ranged from 45 to  100 pe rc e n t
and g e n e r a l l y  decreased  with  dep th .
The t o t a l  q u a n t i t y  per  ml o f  ac id  v o l a t i l e  s u l f i d e s  was measured in
th e  top  t h r e e  sediments  s e c t i o n s ,  0-6 cm o f  subsamples c o l l e c t e d  a t  JEL
and SQUAM from e a r l y  May th rough J u l y ,  1980 (Table 21) .  Acich=vola t i le  
s u l f i d e  c o n c e n t r a t i o n s  in c re a s e d  with  depth and i n t o  t h e  summer. Although 
both JEL and SQUAM sed im en ts  c o l l e c t e d  on May 2,  1980 c on ta ined  a p p r o x i ­
mate ly  t h e  same amount o f  a c i d - v o l a t i l e  s u l f i d e s ,  t h e  JEL sediments accu­
mulated more than  tw ice  as much o f  t h i s  m a te r i a l  by J u ly .  JEL sediments 
accumulated 6 t imes more a c i d - v o l a t i l e  s u l f i d e s  in  t h e  top  two cm compared 
to  SQUAM.
Enumerations o f  Su l fa te -R educ ing  B a c te r i a
The numbers o f  s u l f a t e - r e d u c i n g  b a c t e r i a  in th e  Grea t  Bay e s t u a r i n e
2 - 1  3 -1sediments ranged from below d e t e c t i o n  (<10 - m l  ) to  39 x 10 CFU • ml
a t  JEL (Table 22) and from below d e t e c t i o n  to  42 x 10^ CFU • ml-1 a t  
SQUAM (Table 23).  The s u l f a t e - r e d u c i n g  b a c t e r i a l  po p u la t io n  s i z e  d e c r e a ­
sed g e n e r a l l y  with  depth a t  both s i t e s .  However, dur ing  summer a t  JEL, a
second maximum was a t  8-10 cm. Seasonal  v a r i a t i o n s  were no ted .  Except
f o r  two co re s  from each s i t e ,  l i n e a r  r e g r e s s i o n  a n a ly se s  o f  SRR a g a i n s t
numbers o f  s u l f a t e - r e d u c i n g  b a c t e r i a  in  i n d i v id u a l  samples demonst ra ted  
t h a t  th e  v e r t i c a l  d i s t r i b u t i o n s  o f  t h e s e  pa ramete rs  s t a t i s t i c a l l y  were 
no t  r e l a t e d .
Disso lved  Organic Carbon
DOC c o n c e n t r a t i o n s  ranged from 6 .4  to  41.5  mg • l i t e r -1 a t  JEL 
(Table 24) and 11.5 to  64.3 mg • l i t e r -1 a t  SQUAM (Table 25).  These DOC
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35TABLE 19: P e rc e n t  S recovered  as a c i d - v o l a t i l e  s u l f i d e s  dur ing
measurements of  s u l f a t e  r e d u c t io n  r a t e s  a t  JEL on d i f f e r e n t  
d a t e s .
_____________________ Sample Dates________________________
Depth,cm 7-10-79 9-6-79 12-10-79 2-18-80
0-2 100 96 90 99
2-4 100 98 82 96
4-6  100 94 82 89
6-8 76 83 93 57
8-10 73 76 90 57
10-12 68 69 60 56
3-10-80 4-9-80 5-2-80 5-20-80
0-2 100 91 98 94
2-4 100 58 87 68
4-6 100 69 71 71
6-8 - a 68 - 47
8-10 -  52 -  59
10-12 -  53 -  65
6-2-80  7-3-80 7-29-80
0-2 98 97 94
2-4 89 92 94
4-6 88 86 89
6-8 -  92 87
8-10 -  87 79
10-12 -  79 73















1 0 - 1 2
3520: P e rcen t  S recovered  as a c i d - v o l a t i l e  s u l f i d e s  dur ing
measurements o f  s u l f a t e  r e d u c t io n  r a t e s  a t  SQUAM on d i f f e r e n t  
d a t e s .
 Sample Dates_______________________
cm 7-23-79 10-26-79 12-21-79






3-10-80 5-2-80 6-4-80 7-17-80
No SO^ r e d u c t io n  90 87 95
79 81 60 83
66 74 65 64
56 57 90 72
48 55 83
45 51 83 77
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TABLE 21: A c i d - v o l a t i l e  s u l f i d e s  in ymoles • ml“  ^ in t h e  sed iments  
a t  JEL and SQUAM on d i f f e r e n t  d a t e s .
JEL
Sample Dates
Depth,  cm 5-2-80 5-20-80 6-2-80 7-3-80 7-29-;
0-2 3.96 6.64 9.24 38.4 47 .4
2-4 4.24 32.1 36.2 37 .4 41.2
4-6 9.17 32.3 34.5 37.4 47.7
average 5.79 23.7 26.7 37.9 45.4
SQUAM
Depth,  cm 5-2 -80  6-4-80 7-17-80
0-2 4.42 6.23 8.26
2-4 5.95 13.8 32.0
4-6 9.73 12.3 25.2















-1 322: Abundance o f  s u l f a t e - r e d u c i n g  b a c t e r i a  in  CFU • ml - 1 0  
in  t h e  sed imen ts  a t  JEL on d i f f e r e n t  d a t e s .
_______________________________ Sample Dates________________
_cm 7-10-79 9-6-79  12-10-79 2-18-80
32 22 12 1 .6
8 . 4  20 17 9 .8
11 8.1 10 5.0
15 17 3 .0  1.3
39 NDa 6 .5  0.7
32 ND 2 .0  . 2 .0
4 -9 -80  5-20-80 7-3-80  7-29-80
1.7 19 29 34
4 .3  14 34 31
16 16 4 .0  20
9 .4  5 .6  8 .0  13
2 .3  4 .0  18. 25
8 .2  0 .7  2 .2  7 .0
a - none d e t e c t e d  ( l e s s  than  10^ CFU • ml~^)
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-1 3TABLE 23: Abundance o f  s u l f a t e - r e d u c i n g  b a c t e r i a  in CFU *1111 * 1 0
in  th e  sed iments  a t  SQUAM on d i f f e r e n t  d a t e s .
Sample Dates
Depth, cm 6-11-79 7-23-79 10-26-79 12-21-79
0-2 7 .6 7 .6 11 2.9
2-4 7 .0 20 14 3.1
4-6 0 .2 2 .6 5.5 5.6
6-3 0 . 5 2 .8 0 .8 3 .5
8-10 0.1 1.7 ND 4.1
10-12 0.1 NDa ND 6.7
3-10-80 5-2-80 6-4-80 7-17-80
0-2 11 9.3 19 5.6
2-4 8 .3 42 16 25.7
4-6 14 9.7 5.6 0 .3
6-8 4 .7 6 .7 15 0 .3
8-10 6.0 1 .0 3.7 0 .7
10-12 ND 7.0 0.3 1.3





















24: D is so lved  o rgan ic  carbon c o n c e n t r a t i o n s  in mg • l i t e r " ^  
in  t h e  sed imen ts  a t  JEL on d i f f e r e n t  d a t e s .
_______________________ Sampling Dates________________________
_cm 7-10-79  9-6-79 12-10-79 2-18-80
20.3  14.7 11.8 19.1
16.9 12.2 14.3 22.8
17.0  13.3 14.6 35.1
18.2 15.9 18.7 34.7
17.9  15.7 20.0 33.7
20.3  18.3 25.1 28.7
3-10-80 4-9-80  5-2-80 5-20-80
4 1 .5  10.2 12.0  13.2
14.7 8.1 9 .6  18.8
12.0  11.5 8 .6  16.2
21.8  13.0 9 .8  18.9
22.3  14.9 10.5 19.8
19.4  14.4 20.9 17.8
6-2-80  7-3-80 7-29-80
11.3 8 .7  6.4
14.0  -  7 .4
17.4  10.3 8 .2
22.7 13.3 10.4
















25: D is so lved  o rgan ic  carbon c o n c e n t r a t i o n s  in mg 
in  t h e  sed iments  a t  SQUAM on d i f f e r e n t  d a t e s .
 Sampling Dates_______________
cm 10-26-79 12-21-79 3-10-80
27.8  15.7 19.4
21 .0  14.7 15.4
19.6  32.6  16.2
24.3  30 .8  19.2
37 .9  45.7  19.0
40 .8  64.3 20.7
5-2-80 6-4-80  7-17-80
12.7 15.1 13.5
10.6 11.8  14.5
11.5 13.2 24.3
18.3  12.0 28.9
16.0 20 .4  30.0
20.7 20.2 25.7
• l i t e r - ^
a -  = not  determined
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va lues  a r e  s i m i l a r  t o  th o s e  r e p o r t e d  by o th e r s  f o r  anoxic 
sediments (Nissenbaum e t  al_. , 1972; Krom and S h o lk o v i t z ,  1977;
Goldhaber e t  £ l_ . , 1977; Lyons e t  a K , 1979a).  DOC g e n e r a l l y  in c re a s e d  
with  dep th  a t  both l o c a t i o n s .
S u l f a t e / C h l o r i d e  Ra t ios  
S u l f a t e  c o n c e n t r a t i o n s  in sediment  pore wate rs  must be c o r r e c t e d  f o r  
d i l u t i o n  by f r e s h  ground and r i v e r  w a te r s .  This  i s  accompli shed by 
d iv i d in g  s u l f a t e  c o n c e n t r a t i o n s  by c h l o r i d e  c o n c e n t r a t i o n s .  Although no t  
p r e s e n t e d ,  t h e s e  r a t i o s  decreased  s l i g h t l y  w ith  dep th  in most samples 
from both JEL and SQUAM.
i
DISCUSSION
Glucose Uptake K ine t ic s
Glucose was me tabo l ized  e x p o n e n t i a l l y  and th e  k i n e t i c s  d id  not  vary
s i g n i f i c a n t l y  dur ing  th e  in c u b a t io n  p e r iods  (F ig .  2 - 4 ) .  This a p p l i e d  to  
14th e  C - la be led  carbon d i o x i d e ,  p a r t i c u l a t e  biomass and e t h e r - s o l u b l e  
pools  i n d i c a t i n g  t h a t  t h e  t r a n s f e r  o f  carbon between p o o l s ,  i f  any ,  d id  
not  a l t e r  s i g n i f i c a n t l y  t h e  t o t a l  up take  k i n e t i c s .
C h r i s t i a n  (1976) ,  C h r i s t i a n  and Hall (1977) and C h r i s t i a n  and Wiebe 
(1978) developed th e  e t h e r  e x t r a c t i o n  method t o  fo l low  th e  p roduc t ion  of  
f e rm e n ta t io n  p roduc ts  du r ing  g lucose  metabo lism. I f  f e rm e n ta t io n  p ro ­
duc ts  were produced by fe rm en t ing  b a c t e r i a  and consumed by s u l f a t e -  
reducing  b a c t e r i a  o r  o t h e r s ,  t h e  t ime s e r i e s  r e s u l t s  would d i f f e r  from 
th o s e  p re sen te d  in Fig.  2 and 3. Fig.  6 i l l u s t r a t e s  t h e  t ime s e r i e s  
r e s u l t s  expec ted  f o r  a h y p o th e t i c a l  s i t u a t i o n  in  which o rg a n ic  end p ro ­
duc ts  from th e  f e r m e ta t i o n  o f  g luc ose  were ,  in t u r n ,  u t i l i z e d  by s u l f a t e -  
reducing  b a c t e r i a .  The r a t i o  o f  t h e  r a t e s  o f  p roduc t ion  and consumption 
o f  o rg an ic  f e rm e n ta t io n  p roduc ts  would vary dur ing  th e  course  o f  uptake  
depending upon th e  changes in th e  s i z e  o f  th e  r a d i o l a b e l e d  f e rm e n ta t io n  
p roduc t  pool .  The maximum s p e c i f i c  a c t i v i t y  f o r  t h e  fe rm e n ta t io n  p roduc t  
pool would r e p r e s e n t  t h e  p o i n t  where p roduc t ion  and consumption r a t e s  
e q u a l .
The f in d i n g  (F ig .  2 , 3 , 6 )  t h a t  t h e  a c t u a l  and h y p o th e t i c a l  r e s u l t s  
d id  n o t  ag re e  sugges ted  t h a t  t h e  e t h e r - s o l u b l e  pool c o n s i s t e d  p r i m a r i l y  
o f  accumula t ing compounds which were not  metabo l ized  r a p i d l y .  Meyer-Reil
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e t  al_. (1979) found t h a t  two p e rc e n t  o f  th e  t o t a l  DOC in pore wate rs  was 
l a b i l e  and th e  remaining 98 p e rce n t  c o n s i s t e d  o f  more b i o l o g i c a l l y  
r e f r a c t o r y  carbon.
Molongoski and Klug (1976) added 40 jjCi o f  ^ C - g l u c o s e  to  anae rob ic  
l a ke  sediments and recovered  a v a r i e t y  o f  l a b e l e d  f e rm e n ta t io n  p ro d u c t s ,  
t h e  r a d i o a c t i v i t y  o f  i n d i v id u a l  o rg an ic  p roduc ts  amounted to  l e s s  than 
0 .5  nci  each.  T h e re fo re ,  t h e  s i z e  o f  t h e  fe rm e n ta t io n  p roduct  pool was
small and probab ly  tu rn ed  over  r a p i d l y .
14C-glucose  used during  th e  p r e s e n t  s tudy  was 400 t imes l e s s  r a d i o ­
a c t i v e  than  t h a t  used by Molongoski and Klug (1976).  I f  Molongoski and 
Klug 's  r a t i o  o f  u t i l i z e d  labe l  to  recovered  f e rm e n ta t io n  p roduc ts  was 
assumed f o r  th e  sed iments  examined,  l e s s  than  0.01 p e rc e n t  o f  t h e  e t h e r -  
recovered  r a d i o a c t i v i t y  was a s s o c i a t e d  with  common f e rm e n ta t io n  p ro d u c t s ,  
p rov id ing  f u r t h e r  ev idence  t h a t  t h e  e t h e r - e x t r a c t a b l e  m a te r i a l  c o n s i s t e d  
o f  accumula t ing n o n - l a b i l e  DOC.
Michae lis -Menten  s a t u r a t i o n  k i n e t i c s  d id  not  apply to  g lucose  uptake 
dur ing  t h i s  s tudy .  In c r e a s e s  o f  1000-fo ld  in s u b s t r a t e  c o n c e n t r a t i o n  had 
no e f f e c t  on t h e  t u r n o v e r  r a t e s  ob ta ined  i n d i c a t i n g  f i r s t  o rd e r  k i n e t i c s  
(F ig .  5) .  These r e s u l t s  agreed with  th o se  of C h r i s t i a n  (1976) f o r  s a l t  
marsh s o i l s  ana lyzed  s i m i l a r l y .  S ince  i n c re a s e s  in  th e  d i l u t i o n  of  
sediments caused a d e c re a se  in the  q u a n t i t y  of  s u b s t r a t e  necessa ry  to  
s a t u r a t e  enzyme systems (Hall e t  al_. , 1972),  i t  was not  s u r p r i s i n g  t h a t  
f i r s t - o r d e r  k i n e t i c s  were observed  in Grea t  Bay sediment samples.  These 
e s t u a r i n e  sediments ha rbor  a c t i v e  enzymes with  th e  p o t e n t i a l  f o r  m e ta b o l i ­
zing f a r  g r e a t e r  amounts o f  g lucose  than  normally encountered  (F ig .  5) .
83
35Recovery o f  S by Aqua Regia
O C
Howarth (1979) r e p o r t e d  f o r  s a l t  marsh s o i l s  t h a t  c o n s i d e r a b l e  S
genera ted  dur ing  s u l f a t e - r e d u c t i o n  was p r e c i p i t a t e d  r a p i d l y  as p y r i t e .
35Monosulf ides were by-passed  as in t e r m e d i a t e s  to  p y r i t e  f o rm a t ion .  S
in c o rp o ra te d  i n t o  t h e  " p y r i t e "  phase was r e l e a s e d  a f t e r  d i g e s t i o n  by aqua
35r e g i a .  During th e  p r e s e n t  s tudy  S was r e l e a s e d  c o n s i s t e n t l y  from
incuba ted  and washed sediments a f t e r  aqua r e g i a  d i g e s t i o n  (Table 1 ) .
35However, t h e  ap p a re n t  r a p id  a d s o rp t io n  o f  S onto sed im en ta ry  p a r t i c l e s  
(Table 2) and th e  depth  d i s t r i b u t i o n  o f  adsorbed  (Table 3) i n d i c a t e d  
t h a t  r a p id  p y r i t e  fo rmat ion  was not  o c cu r r in g  in Grea t  Bay sed im ents .  
Howarth (1979) a l s o  d id  not  f i n d  the  occu r renc e  o f  r a p i d  p y r i t e  fo rmat ion  
in s u b - t i d a l  c l a s t i c  sed im ents .  T h e re fo re ,  th e  r a t e  o f  fo rmat ion  o f  
d i s s o lv e d  and a c i d - v o l a t i l e  s u l f i d e s  in th e  Grea t  Bay c l a s t i c  sed iments  
probably  e s t im a ted  t h e  ac tu a l  r a t e  o f  s u l f a t e  r e d u c t i o n .  Howarth and
q c
Teal (1979) dem onst ra ted  t h a t  t h e  i n c o rp o r a t i o n  o f  reduced - S in to  
d i s s o lv e d  o rgan ic  compounds amounted to  an i n s i g n i f i c a n t  f r a c t i o n  o f  the  
s u l f a t e  reduced.
q c
Skyr ing  e t  aJL (1979) sugges ted  t h a t  some o f  t h e  S added to  c e r t a i n  
s a l t  marsh s o i l s  was immobil ized as p a r t i c u l a t e  o rg an ic  s u l f a t e s  by 
S p a r t i n a  r o o t s .  S u l f a t e  e s t e r s  were a s i g n i f i c a n t  p o r t i o n  o f  th e  t o t a l  
s u l f u r  c o n t e n t  in some s o i l s  ( F i t z g e r a l d ,  1976) and f r e s h w a te r  sediments
q c
(King and Klug, 1980).  I f  t h e  q u a n t i t y  of  unrecovered S p re sen te d  in 
Table 3 was immobil ized in t h i s  manner,  t h e  r a t e  o f  s u l f a t e  e s t e r  fo rmat ion  
would have been more than  10 t imes g r e a t e r  than  th e  SRR. This was u n l i k e l y  
due to  th e  q u a n t i t a t i v e  importance  o f  s u l f a t e  r e d u c t io n  in sediment 
carbon metabolisiti ( Jo rgensen ,  1977a; Howarth and Tea l ;  1979; Skyring e t  
a l . ,  1979; A l l e r  and Y ings t ,  1980).  T he re fo re ,  th e  r e s u l t s  in Tables 1-3
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35show th e  occu r rence  o f  r a p id  SO^ a d s o r p t i o n  to  sed im ent p a r t i c l e s .
B io tu rb a t io n
B io t u r b a t i o n  had a profound e f f e c t  on th e  b i o l o g i c a l  and chemical 
paramete rs  in  Grea t  Bay sed im ents .  The JEL and SQUAM sediments o f f e r e d  
an e x c e l l e n t  o p p o r tu n i ty  to  s tudy  b i o t u r b a t i o n  e f f e c t s  on sed im enta ry  
p rocesses  because  p rev ious  work by W.B. Lyons and co-workers  (Lyons 
personal  communication;  L e a v i t t ,  1980) has shown t h a t  th e  s ed im en ta t io n  
r a t e s  and t o t a l  q u a n t i t y  o f  o rgan ic  m a t t e r  were s i m i l a r  a t  t h e  JEL and 
SQUAM s i t e s .  A major  d i f f e r e n c e  between th e s e  s i t e s  was th e  seasona l  
b i o t u r b a t i o n  encounte red  a t  JEL (Armstrong,  e t  al_. , 1979a).  Macroorganism 
a c t i v i t y  tends  to  i n c r e a s e  m ic rob ia l  a c t i v i t y  (Hargrave,  1970; F enche l , 
1970) and t r a n s p o r t  " f r e s h "  o rg an ic  m a t t e r  i n t o  deeper  sed im en ts  ( A l l e r ,  
1977, 1978; Berner ,  1981).  Organic m a te r i a l  i s  l e s s  a p t  to  remain in 
o x id i z in g  s u r f a c e  sed iments  f o r  extended p e r iods  and o f t e n  i s  decomposed 
a n a e r o b i c a l l y .  B io t u r b a t i o n  enhances anae rob ic  a c t i v i t y .
E f f e c t  o f  Sediment Depth on B a c t e r i a l  A c t i v i t y
The d ec re a se  in SRR and GTR with  depth was l e s s  pronounced a t  JEL 
than  SQUAM (Tables  4 - 8 ) .  This was p a r t i c u l a r l y  t r u e  f o r  GTR. A p l a u s i b l e  
ex p la n a t io n  f o r  t h e  r a p id  r a t e s  recorded  to  10 cm a t  JEL was t h e  downward 
f lu x  o f  o rgan ic  m a t t e r  from th e  sediment s u r f a c e  by b i o t u r b a t i n g  in fauna .
Although b i o t u r b a t i o n  " s t r a i g h t e n s "  sediment chemical  p r o f i l e s  
(A l le r  1977) t h e  p r e s e n t  s tudy  o f f e r s  the  f i r s t  ev idence  t h a t  i t  " s t r a i g h ­
t ens"  r a t e  p r o f i l e s .
I t  was d i f f i c u l t  to  i n t e r p r e t  the  GTR depth p r o f i l e s  s in c e  th e  
n a tu ra l  c o n c e n t r a t i o n  o f  g lucose  was not  de te rmined .  Even though th e  GTR 
g e n e r a l l y  decreased  with  dep th ,  a depth in c r e a s e  in  t h e  c o n c e n t r a t i o n  of  
g lucose  would produce a c t u a l  uptake p r o f i l e s  changing l i t t l e  o r  even
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i n c r e a s i n g  w i th  dep th .  This  i s  due to  a c t u a l  uptake  r a t e s  being th e  
p roduc t  o f  tu rn o v e r  r a t e s  t imes  n a t u r a l  s u b s t r a t e  c o n c e n t r a t i o n .  The 
t o t a l  DOC c o n c e n t r a t i o n  d id  i n c r e a s e  with  depth (Tables  24,  25) .  Meyer- 
Reil  (1978) found l i t t l e  v e r t i c a l  change in t h e  a c t u a l  up take  r a t e s  o f  
g lucose  in n e a r s h c r e  sandy sediments even though t u r n o v e r  r a t e s  dec reased  
with  depth .  Pore w a te r  g lucose  c o n c e n t r a t i o n s  v a r i e d  with  dep th  (Meyer- 
R e i l ,  1978) and season (Meyer-Reil e t  al_. , 1980).  Hence, i n t e r p r e t a t i o n s  
o f  t u r n o v e r  r a t e  d a t a  were r e s t r i c t e d  to  comparisons w i th in  and between 
s i t e s  and to  t h e  d i s t r i b u t i o n  o f  end p ro d u c t s .  The la c k  o f  measurable  
g lucose  up take  a t  dep th  in some of  th e  cores  c o l l e c t e d  a t  SQUAM (Tables  6 
and 7) sugges ted  t h a t  th e  a c tu a l  g lucose  up take  a t  t h a t  s i t e  decreased  
co n s id e ra b ly  with  dep th .  Since g lucose  up take  was not  d e t e c t e d  a t  depth 
in  t h e s e  SQUAM co res  only  an e x t r a o r d i n a r i l y  high c o n c e n t r a t i o n  o f  g luc ose  
would a l low  f o r  a depth  i n c re a s e  in th e  a c t u a l  up take  r a t e  o f  g luc ose .  
T h e re fo re ,  a t  l e a s t  f o r  SQUAM, th e  p r e s e n t  p r o f i l e s  o f  g lu c o se -  
m e tabo l i z ing  a c t i v i t y  do not  ag ree  with  th o s e  o f  Meyer-Reil (1978a) f o r  
sandy sed im ents .
The la ck  o f  d e t e c t a b l e  SRR in t h e  upper two cm o f  SQUAM sediments 
c o l l e c t e d  dur ing  w in te r  (Tables  6 and 7) i n d i c a t e d  t h a t  th e s e  s u r f a c e  
sediments were more o x id i z in g  in c h a r a c t e r  than  JEI- sediments (Table 4 ) .  
To ta l  SRR and GTR were s i m i l a r  a t  both s i t e s  dur ing  w in t e r  (Table 4 -7 )  so 
the  removal o f  oxygen by m ic rob ia l  a c t i v i t y  was an u n l i k e l y  mechanism f o r  
g e n e ra t in g  t h i s  redox d i f f e r e n c e .  A more p l a u s i b l e  e x p la n a t io n  was 
w in te r  oxygen consumption by th e  o x id a t io n  o f  a c i d - v o l a t i l e  s u l f i d e s  a t  
JEL (F ig .  7 ) .  JEL s u r f a c e  sediments (0-2  cm) accumulated  6 t imes more 
a c i d - v o l a t i l e  s u l f i d e s  dur ing th e  summer than  SQUAM (Table 21) .  Although 
not no ted dur ing  th e  p r e s e n t  s tudy ,  Lyons e t  ajL (1979) r e p o r t e d  t h a t
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Figure  7. Role o f  i ro n  monosulf ides  in  m a in ta in in g  anoxic  c o n d i t i o n s  
in  JEL s u r f a c e  sed iments  du r ing  w in te r .  Rapid summer SRR 
produces l a r g e  c o n c e n t r a t i o n s  o f  monosu lf ides  which a r e  
s lowly  o x id i z e d  dur ing  p e r iods  o f  b a c t e r i a l  i n a c t i v i t y .  
Arrow and symbol s i z e s  deno te  r e l a t i v e  r a t e s  and c o n c e n t r a ­
t i o n s  o f  compounds, r e s p e c t i v e l y .
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th e  s u l f a t e / c h l o r i d e  r a t i o s  a t  JEL in c re a s e d  in t h e  w in te r  i n d i c a t i n g  
t h a t  s u l f a t e  was being g e n e ra ted  during  th e  o x id a t io n  of  reduced s u l f u r  
compounds. S ince  b i o t u r b a t i o n  enhanced SRR a t  JEL, i t  must a l s o  have 
been r e s p o n s i b l e  f o r  much o f  t h e  in c re a s e d  a c i d - v o l a t i l e  s u l f i d e  accumula­
t i o n .  Summer b i o t u r b a t i o n  a c t i v i t y  can be c i t e d  as p a r t l y  r e s p o n s i b l e
f o r  in c re a s e d  w in te r  anoxia  a t  JEL.
14D i s t r i b u t i o n  o f  C-Glucose Degradat ion Products  
14The r a t i o s  o f  C - la be led  end products  gene ra ted  dur ing  th e  deg rada ­
t i o n  o f  g lucose  v a r i e d  v e r t i c a l l y ,  h o r i z o n t a l l y  and tem pora l ly  (Tables 8-  
11).  F i r s t l y ,  r e s p i r a t i o n  pe rcen tages  dec reased  with  sediment  dep th .  
Meyer-Reil (1978) sugges ted  t h a t  t h e  p e r c e n t  r e s p i r a t i o n  o f  g lucose  
decreased  with  depth in sandy sed im ents .  This was demonst rated  c o n c lu ­
s i v e l y  f o r  Grea t  Bay sediments (Tables 8 -1 1 ) .
Secondly,  r e s p i r a t i o n  pe rcen tages  were h ighe r  a t  JEL than SQUAM 
dur ing  summer (F ig .  8)  i n d i c a t i n g  t h a t  g lucose  decomposit ion p rocesses  
were more complete a t  JEL. Because o f  b io t u r b a t i o n -m e d ia t e d  t r a n s p o r t  o f  
o rgan ic  m a t t e r  from s u r f a c e  to  deeper  sed im en ts ,  t h e  JEL anae rob ic  micro­
b i a l  community probab ly  encountered  more e a s i l y  m e ta b o l i z a b l e  m a te r i a l  
than th o s e  a t  t h e  SQUAM s i t e .  T h e re fo re ,  t h e  r e l a t i v e  d e a r t h  o f  metabo­
l i z a b l e  o rg an ic  m a t t e r  a t  SQUAM may ex p la in  t h e  tendency o f  SQUAM sediment 
b a c t e r i a  to  immobil ize a g r e a t e r  p e rcen tage  o f  carbon as biomass.
The s i m i l a r i t y  between w in te r  r e s p i r a t i o n  pe rcen tages  in JEL and 
SQUAM sediments (F ig .  8) was f u r t h e r  ev idence  t h a t  b i o t u r b a t i o n  in f lu en ced  
g lucose  deg rad a t io n  s i n c e  b i o t u r b a t i o n  was e s s e n t i a l l y  ab sen t  dur ing  co ld  
per iods  (Armstrong e t  al_. , 1979a).  The hypo thes i s  t h a t  th e  im mobi l iza t ion  
o f  g lucose  carbon i s  in f lu en ced  by th e  m e t a b o l i z a b i l i t y  of  in s i t u  o rgan ic  
m a t t e r  a l s o  ex p la in s  t h e  depth dec re ase  in g lucose  r e s p i r a t i o n  pe rcen tages  
(Tables 8 -11 ) .
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14Figure  8. Seasonal changes in t h e  pe rce n tag e  o f  C recovered  as
14carbon d io x id e  dur ing  th e  decomposit ion  o f  U- C-glucose 




An im por tan t  assumption f o r  t h e  above hy p o th e s i s  i s  t h a t  g lucose  
decomposi t ion i s  r e p r e s e n t a t i v e  o f  much o f  t h e  r a p id  metabol ism in t h e s e  
sed im ents .  This  appeared  to  be t r u e  s in c e  a)  g lucose  and f r u c t o s e  accounted  
f o r  50 pe rc e n t  o f  t h e  l a b i l e  DOC in  sed iments  t e s t e d  (Meyer-Reil e t  a l . ,  
1980) b) t h e  impor tance o f  f e rm e n ta t io n  in sed im enta ry  metabolism (Fenchel 
and J o rg e n s e n ,  1979) and c) t h e  s i m i l a r i t y  between f e rm e n ta t i o n  pathways 
o f  g luc ose  and o t h e r  f e rm e n tab le  s u b s t r a t e s  (D o e l l e ,  1975).
The p r e s e n t  s tudy  i s  t h e  f i r s t  t o  dem onst ra te  a s e a s o n a l i t y  in  th e  
p e r c e n t  r e s p i r a t i o n  o f  g lucose  in sediments  (F ig .  8 ) .  R e s p i r a t i o n  p e r ­
cen tages  decreased  s i g n i f i c a n t l y  dur ing  w in t e r .  A 3-4 f o ld  d e c re a s e  was 
observed  a t  JEL w h i le  a 2 - f o l d  d e c re a se  occur red  a t  SQUAM (Fig .  8 ) .
G r i f f i t h s  e t  al_. , (1978) found f o r  p e l a g i c  g luc ose  metabolism t h a t  th e  
p e r c e n t  r e s p i r a t i o n  in c re a s e d  dur ing  w in t e r .
Two hypotheses  e x p l a in in g  th e  seasona l  v a r i a t i o n  in r e s p i r a t i o n  
pe rce n tage  were t e s t e d .  F i r s t l y ,  t h e r e  was a s i g n i f i c a n t  l i n e a r  r e l a ­
t i o n s h i p  between th e  p e r c e n t  r e s p i r a t i o n  o f  carbon d io x id e  from g lucose  
and t h e  r a t i o  SRR/GTR a t  JEL. This r e l a t i o n s h i p  would be expec ted  i f  a 
l a r g e  p o r t i o n  o f  t h e  g lucose  f e rm e n ta t io n  p roduc ts  were r e s p i r e d  to  
carbon d io x id e  dur ing  s u l f a t e - r e d u c t i o n .  However, t h e  s u l f a t e  r e d u c t io n  
i n h i b i t i o n  exper imen t (Table  13) demons trated  t h a t  t h i s  was not  t h e  ca s e .  
Smith and Klug (1981) a l s o  r e p o r t e d  t h a t  a s u l f a t e  r e d u c t io n  i n h i b i t o r  
molybdate,  had l i t t l e  e f f e c t  on sed im enta ry  g lucose  uptake  r a t e s .
The second h y p o th e s i s  t e s t e d  was whether seasonal  v a r i a t i o n s  in 
g luc ose  r e s p i r a t i o n  pe rcen tages  were r e g u la t e d  p r i m a r i l y  by te m p e ra tu re .  
Tison and Pope (1980) noted t h a t  t h e  g lucose  r e s p i r a t i o n  p e rcen tages
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i n c re a s e d  when pure c u l t u r e s  o r  n a t u r a l  p e l a g i c  samples were incuba ted  
a t  t e m p e ra tu re s  above o r  below t h e  t e m p era tu re  a t  which t h e  p o p u la t io n s  
were adap ted .  The p r e s e n t  r e s u l t s  do not  ag ree  with  th o s e  o f  Tison and 
Pope (1980) .  Winter  samples incuba ted  a t  25°C r e s p i r e d  a g r e a t e r  p e r c e n t ­
age o f  g luc ose  t o  carbon d io x id e  than  d id  r e p l i c a t e  samples incuba ted  a t  
ambient  t e m p era tu re  (6°C) .  On t h e  o t h e r  hand,  summer samples incuba ted  
a t  4°C y i e l d e d  a low r e s p i r a t i o n  p e rcen tage  as compared t o  r e p l i c a t e s  
incuba ted  a t  ambient  t e m p era tu re  (25°C).  I f  Tison and Pope 's  (1980) 
r e s u l t s  were a p p l i c a b l e  to  t h e  G rea t  Bay sediments then  in c u b a t io n  of  
summer samples a t  w in t e r  t em pera tu res  would have in c re a s e d  th e  p e rcen tage  
o f  g luc ose  r e s p i r e d  to  carbon d io x id e .
Rapid t e m p era tu re  s h i f t s  and s h o r t  inc u b a t io n  employed dur ing  the
te m pera tu re  exper iments  (Table  14) prec luded  th e  use o f  slow a d a p t a t i o n  
or  seasonal  v a r i a t i o n s  in s u b s t r a t e  q u a l i t y  or  q u a n t i t y  as p o s s i b l e  
e x p la n a t io n s  f o r  t h e  seasona l  t r e n d s  in g lucose  r e s p i r a t i o n  p e r c e n ta g e s .
I t  was concluded t h a t  t e m p e ra tu re  was a major f a c t o r  a f f e c t i n g  th e  manner
in which g luc ose  was degraded.
14E t h e r - e x t r a c t a b l e  C-DOC. The e t h e r  e x t r a c t i o n  te ch n iq u e  employed
o f f e r e d  a s i g n i f i c a n t  improvement over  C h r i s t i a n ’s (1978) method in terms
o f  p r e c i s i o n  and s e n s i t i v i t y .  For example C h r i s t i a n ' s  (1976) method was
14a p p l i c a b l e  only  when t h e  e t h e r - s o l u b l e  C pool amounted t o  g r e a t e r  than
10 p e rc e n t  o f  t h e  t o t a l  l abe l  u t i l i z e d .  S ince  in Grea t  Bay th e  sediments
14b a c t e r i a  produced an amount o f  e t h e r - s o l u b l e  C t h a t  always amounted to  
l e s s  than  10 p e r c e n t  (Tables  8 -1 4 ) ,  C h r i s t i a n ' s  (1976) method would have 
f a i l e d  t o  d e t e c t  any o rg a n ic  end p ro d u c ts .
14The on ly  co n c lu s io n s  from th e  e t h e r - e x t r a c t a b l e  C da ta  were t h a t  
d i s s o lv e d  o rg an ic  end p roduc ts  were produced dur ing  g luc ose  d eg rad a t io n
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and t h a t  t h e  pe rce n tag e  o f  t h i s  pool i n c re a s e d  with  sediment  dep th .  The 
depth i n c r e a s e  provided  a d d i t i o n a l  ev idence  t h a t  g luc ose  was degraded 
l e s s  f u l l y  and e f f i c i e n t l y  in deeper  sed im ents .
Unlike t h e  sed iments  s tu d ie d  by Novitsky and Kepkay (1981) ,  th e
b a c t e r i a  in Grea t  Bay sediments d id  not  produce a l a r g e  pe rce n tag e  of  
14'C-DOC dur ing  g luc ose  deg rad a t io n  a t  th e  o x ic / a n o x ic  i n t e r f a c e  (Tables 
8- 11).
Glutamate u p t a k e . Glutamate was tu rned  over  more s lowly  than  g l u ­
cose  (Table  16).  However, th e  high c o n c e n t r a t i o n s  o f  g lu tam ate  encountered  
in marine sed im enta ry  pore wate rs  (Hanson and Gardner,  1979; Hendrichs 
and F a r r in g t o n ,  1980) s u gges t s  t h a t  g lu tam ate  may be a t  l e a s t  as im por tan t  
as g lucose  in terms o f  th e  q u a n t i t y  o f  carbon me tabo l ized  in Great  Bay 
sed iments .
Glutamate was m in e ra l i z e d  more com ple te ly  than g lucose  (Table 16).
M o r i t a ( 1980) r e p o r t e d  a s i m i l a r  r e s u l t .  P o s s i b l e  e x p la n a t io n s  f o r  t h i s  
d i f f e r e n c e  a r e :  a)  t h e  tendency f o r  g lucose  to  be fermented  y i e l d i n g  
o rgan ic  end produc ts  and b) th e  r o l e  o f  g lu tam ate  as a b i o s y n t h e t i c  
p r e c u r s o r  fo l low ing  i t s  deaminat ion and d e c a rb o x y la t i o n  (D oe l le ,  1975).
I r o n . Pore w a te r  i ron  c o n c e n t r a t i o n  a t  t h e  JEL and SQUAM s i t e s  were 
s i m i l a r  to  th o s e  r e p o r t e d  f o r  Great  Bay sediments (Lyons et^ al_. , 1979).  
Disso lved  i ro n  c o n c e n t r a t i o n s  dec reased  with  depth and v a r i e d  s e a s o n a l l y  
(Tables  17, 18).  These changes were due to  d i s s o l u t i o n  and p r e c i p i t a t i o n  
r e a c t i o n s  governed by m i c ro b ia l ly -m e d ia te d  redox changes and s u l f i d e  p ro ­
duc t ion  (Goldhaber and Kaplan,  1974; Murray and G i l l ,  1978; Lyons e t  a l . ,  
1979; B erne r ,  1980).
JEL and SQUAM sed iments  deeper than ^ 4-6  cm remained anoxic dur ing  
th e  y e a r  and i ro n  chem is t ry  in  t h e s e  deeper  sediments  was c o n t r o l l e d
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p r im a r i l y  by th e  p r e c i p i t a t i o n  o f  i ron  s u l f i d e  m in e ra l s  (Berner ,  1969,
1980; Goldhaber and Kaplan,  1974).  The fo l low ing  d i s c u s s io n  concern ing
i ron  w i l l  be l i m i t e d  to  th e  upper 6 cm where th e  s e n s i t i v i t y  o f  i ron
chem is t ry  to  redox changes d e l i n e a t e d  i n t e r a c t i o n s  between m ic ro b ia l
a c t i v i t y  and biogeochemical  even t s .
S ince  i r o n  i s  t h e  major p r e c i p i t a t i n g  agen t  invo lved  in s u l f i d e
35mineral  fo rm at ion  th e  p e r c e n t  o f  S p r e c i p i t a t e d  during  SRR measurements 
(Tables  19 and 20) was compared to  d i s s o lv e d  i r o n  c o n c e n t r a t i o n s  (Tables  
17 and 18).  This  was done to  de te rmine  to  what e x t e n t  o t h e r  f a c t o r s  were
involved  in th e  r e g u l a t i o n  o f  d i s s o lv e d  i ro n  c o n c e n t r a t i o n s  bes ides
d i r e c t  s u l f i d e  p r e c i p i t a t i o n  and v ic e  v e r s a .
35A p l o t  o f  t h e  average  per  sample p e r c e n t  o f  S recovered  as a c i d -  
35v o l a t i l e  S - s u l f i d e s  a g a i n s t  d i s s o lv e d  i ron  a t  JEL (F ig .  9) re v e a le d  a
s i g n i f i c a n t  (p < 0 .01)  l i n e a r  r e l a t i o n s h i p  when th e  February,  March,
Apr i l  and June va lues  were omi tted  from r e g r e s s i o n  a n a l y s e s .  This  p l o t  
dem onst ra tes  t h a t  t h e  d i s s o lv e d  i ron  c o n c e n t r a t i o n s  f o r  7 o f  t h e  11 
samples was exp la ined  by th e  p r e c i p i t a t i o n  o f  i ro n  monosulf ides  and v ic e  
v e r s a .  The omission o f  t h e  fo u r  p o in t s  from r e g r e s s i o n  a n a ly se s  demonstra­
t e d  t h a t  f a c t o r s  o t h e r  than s u l f i d e  p r e c i p i t a t i o n  were involved  in c o n t r o l ­
l i n g  t h e i r  abundance.  For example,  samples in February and March r e s u l t e d
35in th e  p r e c i p i t a t i o n  o f  a l a r g e r  pe rcen tage  o f  S - s u l f i d e s  than  was
accounted  f o r  by th e  presence  o f  d i s s o lv e d  i r o n .  On th e  o t h e r  hand,  the
35Apr il  and June samples y i e l d e d  lower pe rcen tages  o f  a c i d - v o l a t i d e  S-
s u l f i d e s  than  expec ted  from th e  abundance of  d i s s o lv e d  i r o n .
A hypo thes i s  e x p la in in g  th e  anomolously high w in te r  pe rcen tages  of  
35p r e c i p i t a t e d  S i s  p re sen te d  in Fig.  10. S ince  th e s e  sediments became
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35Figure  9. R e l a t i o n s h i p  between th e  p e r c e n t  recove ry  o f  S -ac id -  
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F igure  10. Role o f  reduced microzones whereby high  p e rce n tag es  of  
35S produced dur ing  s u l f a t e  r e d u c t io n  a r e  recove red  as 
a c i d - v o l a t i l e  s u l f i d e s .
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i n c r e a s i n g l y  o x id i z e d  dur ing  th e  w i n t e r ,  s u l f a t e  r e d u c t io n  was r e s t r i c t e d  
t o  t h e  most reduced r e g io n s  o f  sed im ent.  These reduced r eg io n s  or  micro­
zones were s i t e s  where d i s s o lv e d  i ro n  e x i s t e d  s in c e  i ro n  r e d u c t io n  occurs  
a t  about  t h e  same Eh nece ssa ry  f o r  th e  o n s e t  o f  s u l f a t e  r e d u c t io n  (F ro e l i c h  
e t  al_. , 1979; B erne r ,  1980). S u l f i d e s  gene ra ted  in reduced r eg ions  probably  
were p r e c i p i t a t e d  by d i s s o lv e d  i r o n .  S u l f id e s  escap ing  p r e c i p i t a t i o n  and
d i f f u s i n g  o u t s i d e  o f  reduced a r e a s  were ox id ized  and no t  d e t e c t e d .  These
3+d i f f u s i n g  s u l f i d e s  may have been p r e c i p i t a t e d  by r e a c t i o n  with  Fe .
35T h e re fo re ,  an anomalously l a r g e  p e rcen tage  o f  p r e c i p i t a t e d  S - s u l f i d e s  
could be formed.  This e x p la n a t io n  i n d i c a t e s  t h a t  du r ing  th e  w i n te r  th e  
abundance o f  ox id ized  i r o n ,  th e  p resence  o f  reduced microniches  and the  
r a p id  o x id a t io n  o f  d i s s o lv e d  s u l f i d e s  were im por tan t  in  r e g u l a t i n g  s u l f i d e  
and i ron  chem is t ry .
A d i f f e r e n t  hy p o th e s i s  was r e q u i r e d  to  e xp la in  why th e  Apri l  and
35June samples y i e l d e d  lower p e rcen tages  o f  ac id  v o l a t i l e  S - s u l f i d e s  than  
expected from th e  abundance o f  i ron  (F ig .  9 ) .  I t  was demonst ra ted  by 
Lyons e t  £1_., (1979a) t h a t  much of  t h e  d i s s o lv e d  i ro n  in  JEL sediments 
was a s s o c i a t e d  with  DOC during  th e  s p r in g .  O r g a n i c a l l y - a s s o c i a t e d  i ro n  
i s  l e s s  l i k e l y  to  p r e c i p i t a t e  as metal  s u l f i d e s  (P re s le y  e t  al_. > 1972; 
Akiyama, 1973) S ince  d i s s o lv e d  i ron  was abundant  a t  JEL dur ing  th e  s p r i n g ,  
>20 mg • 1“  ^ in June ,  as  shown in Table 24,  a mechanism p rev en t in g  s u l f i d e  
p r e c i p i t a t i o n  must have e x i s t e d .  The most l i k e l y  mechanism was iron/DOC 
i n t e r a c t i o n s .
I t  was p o s s i b l e  t o  c a l c u l a t e  th e  r a t e  o f  a c i d - v o l a t i l e  s u l f i d e  p ro-
35duc t ion  and use t h i s  as  a check o f  t h e  S r a t e  d a t a .  A c i d - v o l a t i l e  
s u l f i d e  accumula t ion r a t e s  were ob ta ined  by c a l c u l a t i n g  th e  average  r a t e  
over  t h e  top  6 cm o f  sediment  a t  which a c i d - v o l a t i l e  s u l f i d e s  accumu-
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l a t e d  between sampling d a t e s .  C a l c u l a t i o n  were based on th e  volume o f
whole sediment i n s t e a d  o f  dry weight  because o t h e r  paramete rs  were based
35on volume. For compar ison,  t h e  S-SRR were c a l c u l a t e d  as an average  
va lue  o f  th e  r a t e s  o b ta in ed  between sampling d a t e s .
The r e s u l t s  o f  t h e s e  comparisons (Table 26) showed t h a t  SRR c a l c u ­
l a t e d  from a c i d - v o l a t i d e  s u l f i d e  c o n c e n t r a t i o n  were 3.1 and 2 .7  t imes
35f a s t e r  a t  JEL and SQUAM, r e s p e c t i v e l y ,  than th o s e  p r e d i c t e d  by S. I t
i s  im por tan t  to  no te  t h a t  d i f f u s i o n  p rocesses  cannot  be ignored  when
i n t e r p r e t i n g  th e s e  r e s u l t s  because d i s s o lv e d  s u l f i d e s  produced a t  depth
can d i f f u s e  i n t o  upper l a y e r s  and p r e c i p i t a t e  as FeS. With i n c r e a s in g
depth d i s s o lv e d  s u l f i d e s  comprised an i n c r e a s in g  p o r t i o n  o f  th e  t o t a l
s u l f i d e s  produced (Tables  19 ,20 ) .  T he re fo re ,  i t  was not  s u r p r i s i n g  t h a t  
35th e  SRR r e s u l t s  underes t im a ted  th e  accumula t ion o f  FeS. I f  d i f f u s i o n
of  s u l f i d e s  from depth  i n t o  s u r f a c e  l a y e r s  was r e s p o n s i b l e  f o r  th e  d i f -
35fe ren ce s  noted between S r a t e s  and a c i d - v o l a t i l e  s u l f i d e  accumula t ion
r a t e s ,  then  121 nmoles • ml"* d"^ (289 minus 168) of  s u l f i d e  must have
35d i f f u s e d  in t o  th e  top  6 cm dur ing  Ju ly  a t  JEL. Using th e  S-SRR and
35pe rce n t  p r e c i p i t a t i o n  o f  S dur ing  incuba t ion  o f  J u l y ,  1980 JEL sediments 
(Tables  8 and 19),  i t  was c a l c u l a t e d  t h a t  enough s u l f i d e s  were produced 
th roughout  th e  upper 15 cm a t  JEL to  account  f o r  the  a c i d - v o l a t i l e  s u l f i d e  
c o n c e n t r a t i o n  encounte red .  This type  o f  c a l c u l a t i o n  dem onst rated  th e  
importance o f  deeper  m icrob ia l  a c t i v i t i e s  on biogeochemical  events  
o ccu r r in g  in sed iments  above.
Table 26 a l s o  p r e s e n t s  t h e  ne t  d i s s o l u t i o n  a n d /o r  removal r a t e  o f  
d i s s o lv e d  i ron  f o r  comparison with  th e  o t h e r  r a t e s .  Using th e  change in 
d i s s o lv e d  i ron  from sample to  sample only ne t  r a t e s  could be c a l c u -
Time in t e r v a l
5-2 to  5-20
5-20 t o  6-  2
6-2 to  7- 3
7-3 to  7-29 
avg.
5-2 to  6- 4
6-4 to  7-17 
avg.
Table 26. Comparison of  s u l f a t e  r ed u c t io n  r a t e s  ( 35S) to  a c i d - v o l a t i l e  s u l f i d e  
accumulat ion  r a t e s  and ne t  d i s s o lv e d  i ro n  t r a n s fo rm a t io n  r a t e s .  Data 
were r e c a l c u l a t e d  from Tables 5,  17 and 21.
JEL
(a ) (t>) Net r a t e  of
35 d________________________________ _
Avg. S-SO^ ac id  vo l .  S Fe d i s s o lv e d  (+)
r educ t ion  r a t e  accumula t ion b /a  or  removed ( - )
(nmoles ♦ ml • d- 1 ) (nmoles • m1~^» d " 1 )   ( nmoles « n f T ^ d " 1)
52 994 20.0  -  o.20
175 247 1.4 +11.0
169 361 2 .2  -  3.2
168 289 1.7 + 0 . 1 0
146 452 3.1 + 0. 5
SQUAM
68.4 124 2.1 -0 .03
82-0 257 3.1 -0 .40
72-0 196 2 .7  -0 .24
a -  r a t e  c a l c u l a t e d  from th e  production  o f  ac id  v o l a t i l e  s u l f i d e s  only.
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l a t e d  because th e  c o n c e n t r a t i o n s  a r e  a ba lance  between d i s s o l u t i o n  of  
3+Fe and p r e c i p i t a t i o n  o f  FeS. These va lues  demonst ra ted  t h a t  t h e  ne t  
change in d i s s o lv e d  i ron  accounted f o r  a small p o r t i o n ,  u s u a l l y  l e s s  than  
one pe rc e n t  of  th e  g ross  r a t e  of  FeS accumula t ion .  However, t h e  small 
s i z e  o f  th e  d i s s o lv e d  i ron  pool compared to  t h e  r a t e  a t  which a c i d -  
v o l a t i l e  s u l f i d e s  were p r e c i p i t a t e d  sugges ted  t h a t  th e  i ro n  pool was 
dynamic and tu rn ed  over  r a p i d l y .  A maximum t u r n o v e r  r a t e  of  t h i s  pool 
was c a l c u l a t e d  from th e  i ron  va lues  in Table 17 and th e  average  a c i d -  
v o l a t i l e  s u l f i d e s  accumula t ion  r a t e  in Table 26. The d i s s o lv e d  i ro n  pool 
could  be tu rn e d  over  maximally more than  10 t imes  per  day.
Depth D i s t r i b u t i o n  o f  S u l fa te -R educ ing  B a c t e r i a  
Although s u l f a t e - r e d u c i n g  b a c t e r i a  were most abundant  nea r  th e  
sediment  s u r f a c e  a secondary su b su r f a c e  maximum was observed a t  8-10 cm 
in JEL sed iments  (Table 22) .  The secondary  maximum occur red  a t  t h e  i n t e r ­
f a c e  between a c t i v e l y  and n o n - a c t i v e l y  b i o t u r b a t e d  r e g io n s .  Coff in  
(1981) found a secondary  maximum in t o t a l  b a c t e r i a l  coun ts  in  t h i s  reg ion  
a t  JEL. S ince  t h i s  s u b s u r f a c e  maximum was not  found a t  SQUAM and only  
occur red  a t  JEL dur ing  warm months,  i t  was i n d i c a t e d  t h a t  b i o t u r b a t i o n  
was r e s p o n s i b l e  f o r  t h i s  phenomenon. P o s s i b l e  ex p la n a t io n s  i n c lu d e  both 
t r a n s p o r t  of  b a c t e r i a  and th e  accumula t ion  o f  o rg an ic  m a te r i a l  a t  8-10 
cm.
Seasonal  V a r i a t i o n s  
To unders tand  th e  seasonal  changes and i n t e r a c t i o n s  between the  
b a c t e r i o l o g y ,  b i o t u r b a t i o n ,  and chem is t ry  o f  t h e s e  s ed im en ts ,  d a t a  from 
th e  upper 6 cm were averaged  and p l o t t e d  a g a i n s t  t ime .  JEL seasonal  da ta  
a r e  p resen ted  in Fig .  11. SRR did  not  fo l low  te m pera tu re  c l o s e l y ,  d e c r e a s ­
ing p rematu re ly  in t h e  f a l l  and lagg ing  behind tem pera tu re  in t h e  s p r in g .
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Figure  11. Seasonal  changes in  SRR, GTR, t e m p e ra tu re ,  d i s s o lv e d  i ron  
and DOC in  t h e  upper 6 cm o f  JEL sed im en ts .
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Unlike s a l t  marsh s o i l s  which e x h i b i t e d  r a p id  SRR well  i n t o  t h e  f a l l  
(Howarth and T e a l ,  1979),  th e  G rea t  Bay sediments removed th e  m a j o r i t y  o f  
t h e  m e ta b o l i z a b le  o rg a n ic  m a t t e r  dur ing  th e  summer caus ing  an e a r l y  f a l l  
d e c r e a se  in  SRR. A pprec iab le  SRR occurred  a t  lowered tem pera tu res  i f  
s u f f i c i e n t  s u b s t r a t e s  were a v a i l a b l e  (Tab le 15).
The s p r in g  in c r e a s e  in SRR d id  not  occur u n t i l  t h e  sed im en ts  had 
reached 12.5° C. Howarth and Teal (1979) sugges ted  t h a t  s u l f a t e  red u c t io n  
p r e c u r s o r  molecu les must accumula te  b e fo re  th e  o nse t  o f  s u l f a t e  red u c t io n  
can occur .  Although t h i s  hypo thes i s  may apply  to  Great  Bay sed im en ts ,  
o t h e r  i n t e r a c t i n g  p o s s i b i l i t i e s  in c lu d e :
a) Grea t  Bay s u r f a c e  sed iments  a r e  r e l a t i v e l y  o x id i z in g  in th e  
e a r l y  s p r i n g ,  a c o n d i t i o n  i n h i b i t o r y  t o  s u l f a t e  r e d u c t i o n ;
b) t h e  p resence  o f  n i t r a t e  in Grea t  Bay w ate rs  dur ing  w in te r  (27.2 
y g - a t  1" ; C. Emerich-Penniman personal  communication) which
i s  used as an e l e c t r o n  a c c e p to r  p r e f e r e n t i a l l y  to  s u l f a t e  (Clay- 
pool and Kaplan,  1974; Bender e t  al_. , 1977; Jones ,  1980);
c)  t h e  i n h i b i t o r y  e f f e c t  o f  low tem p era tu re  (Nedwell and Abram 
1978, 1979; Abdollohi  and Nedwell,  1979).
Summary o f  Seasonal  Biogeochemical Events
SRR and GTR were r a p id  dur ing  warm summer months (F ig .  11).  S u l f a t e
re d u c t io n  produced l a r g e  q u a n t i t i e s  o f  a c i d - v o l a t i l e  s u l f i d e s  (Table 21).
Glucose m i n e r a l i z a t i o n  was most complete in th e  summer (F ig .  8 ) .  In
e a r l y  f a l l  s u l f a t e  r e d u c t io n  decreased  as m e ta b o l i z a b l e  o rgan ic  m a t t e r
was d e p le te d .
Microbial  a c t i v i t y  r a t e s  were slow dur ing  w in te r  (F ig .  11 ).  Glucose 
carbon was immobil ized p r im a r i l y  as b a c t e r i a l  biomass (Tables 8 , 9 ) .  
D is so lved  i ro n  was removed from s o l u t i o n  by o x id a t io n  t o  i ro n  oxyhydro- 
x ides  p o s s i b ly  coupled with  d i f f u s i o n  (Goldhaber and Kaplan,  1975; Murray 
and G i l l ,  1978).  O xida t ion  of  a c i d - v o l a t i l e  s u l f i d e s  dur ing  w in t e r  was 
im por tan t  in po is ing  th e  sediment Eh a t  lower va lues  than  expected  from
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t h e  removal o f  oxygen by b a c t e r i a l  metabolism (F ig .  7 ) .  DOC in c re a s e d  in 
the  w in t e r  by an unknown mechanism.
A r a p id  and dynamic chain  of  even ts  o ccu r red  dur ing  th e  s p r in g  
(F ig.  11).  H e te ro t ro p h ic  a c t i v i t y  (GTR) in c re as ed  with  sediment 
te m pera tu re .  Some o f  t h i s  m ic rob ia l  a c t i v i t y  may have involved  n i t r a t e  
red u c t io n  p ro c e s s e s .  DOC was consumed r a p i d l y .  Disso lved  i ro n  c o n c e n t r a ­
t i o n s  in c re a s e d  p robably  because  o f  th e  r e d u c t io n  and d i s s o l u t i o n  o f  
ox id ized  i ron  dur ing  th e  Eh d e c re a se  from h e t e r o t r o p h i c  a c t i v i t y .  This 
i ron  was probably  o r g a n i c a l l y - a s s o c i a t e d .
S u l f a t e  r e d u c t io n  began in May and caused a removal o f  d i s s o lv e d  
i ron  as monosulf ides  and an i n c r e a s e  in a c i d - v o l a t i l e  s u l f i d e s  and DOC 
(Table 21, Fig.  11).
A ct ive  b i o t u r b a t i o n  began in e a r l y  June.  Rapid changes occur red  
in sediments such as in c re a s e d  homogeneity and w a te r  c o n t e n t  w ith  c o l o r  
and c o n s i s t e n c y  changes.  Increased  b i o t u r b a t i o n  caused a d e c re a s e  in 
DOC and a l a r g e  i n c r e a s e  in d i s s o lv e d  i ron  (F ig .  11).  The i ron  in c r e a s e  
was a s c r ib e d  to  th e  t r a n s p o r t  o f  ox id ized  s u r f a c e  i ro n  in t o  deeper  anoxic 
reg ions  where i t  was reduced.  B io t u r b a t i o n  a l s o  may have a f f e c t e d  d i s ­
solved  i ro n  c o n c e n t r a t i o n s  through o x i d a t i o n / r e d u c t i o n  r e a c t i o n s  w i th in  
and around burrow w al l s  ( A l l e r ,  1977, 1978).  A model o f  how b i o t u r b a t i o n  
may in c r e a s e  d i s s o lv e d  i ron  c o n c e n t r a t i o n  in JEL sediments i s  p re s e n te d  
in Fig.  12.
The o nse t  o f  r a p id  b i o t u r b a t i o n  was fo l lowed  a l s o  by a r a p id  i n c r e a s e  
in SRR and GTR (Fig.  11) because o f  b i o t u r b a t i o n -m e d ia t e d  o rg an ic  m a t t e r  
t r a n s p o r t  and fe c a l  p e l l e t  p roduc t ion  (Hargrave,  1970; F enche l , 1970; 
A l l e r ,  1977).  The annual  SRR a t  JEL was % 5 t imes more r a p i d  than a t  
SQUAM ( c a l c u l a t e d  from Tables 4 -7 ) .  Much o f  t h i s  d i f f e r e n c e  was c r e d i t e d  
to  b i o t u r b a t i o n  a t  JEL.
F igure  12. I d e a l i z e d  model f o r  m a in ta in ing  in c re a s e d  d i s s o l v e d  i ron  
2+(Fe ) c o n c e n t r a t i o n s  in b i o t u r b a t e d  sed im ents .  Sub­
s u r f a c e  i ro n  redox cy c l e  and t r a n s p o r t  o f  o x id i z e d  s u r ­
f a c e  i ro n  produced two a d d i t i o n a l  sources  o f  d i s s o lv e d  













Fig.  13 p r e s e n t s  t h e  average  0-6 cm da ta  f o r  SQUAM. I n t e r p r e t a t i o n  
o f  SQUAM seasona l  d a t a  was d i f f i c u l t  because  o f  t h e  i n a b i l i t y  to  sample 
t h e  same l o c a t i o n  each t ime.  This  was p a r t i c u l a r l y  t r u e  f o r  1979 samples.  
The 1980 samples were c o l l e c t e d  in c l o s e  p rox im i ty  w ith  t h e  a i d  of  a buoy 
and th e s e  d a t a  were co n s id e re d  r e p r e s e n t a t i v e  o f  seasona l  changes dur ing  
t h a t  p e r io d .  1979 da ta  were usefu l  f o r  examining changes with  dep th .
Many o f  t h e  f a c t o r s  a f f e c t i n g  JEL sediments a p p l i e d  t o  SQUAM. Of 
t h e  d i f f e r e n c e s  n o te d ,  t h e  absence  o f  a c t i v e  b i o t u r b a t i o n  a t  SQUAM was 
th e  most im p o r tan t .  For example,  t h e  b i o t u r b a t i o n -m e d ia t e d  changes in 
DOC and i ron  dur ing  th e  s p r in g  and summer o f  1980 were not  noted a t  SQUAM 
(Fig.  13).  Other d i f f e r e n c e s  which could  no t  be exp la ined  except  th rough 
sampling e r r o r  were anomalously high i ron  va lues  f o r  J u ly  and December 
1979, and wide d i f f e r e n c e s  in GTR between th e  summers o f  1979 and 1980 
(Fig.  13).
Changes in  t h e  C oncen t ra t ions  o f  DOC and Disso lved  I ron in JEL 
Sediments from October ,  1977 th rough J u l y ,  1980
The DOC and i ro n  da ta  o b ta in ed  dur ing  th e  p r e s e n t  s tudy  were combined
with  th o s e  c o l l e c t e d  from th e  same s i t e  (JEL) by W.B. Lyons (U n iv e r s i t y  
of  New Hampshire) to  examine t h e i r  d i s t r i b u t i o n  over  a t h r e e  y e a r  p e r io d .
A p l o t  o f  t h e  ave rage  0-6 cm in JEL sediments da ta  i s  p r e s e n te d  in Fig.
14. The J u l y ,  1979 th rough J u l y ,  1980 va lues  a r e  i d e n t i c a l  t o  those  
p re sen te d  in Fig .  11. D is so lved  i ro n  v a r i e d  i n v e r s e l y  with  DOC. Although 
r e g r e s s i o n  a n a ly se s  r e v e a le d  a s i g n i f i c a n t  i n v e r s e  l i n e a r  r e l a t i o n s h i p  
(p<0.05) between d i s s o l v e d  i ro n  and DOC, a r e g r e s s i o n  o f  DOC a g a i n s t  the
log o f  i ro n  c o n c e n t r a t i o n s  proved a b e t t e r  i n v e r s e  c o r r e l a t i o n  ( p<0.0 1 ) .
This i n d i c a t e d  t h a t  du r ing  th e  f i n a l  s t a g e s  o f  i ron  removal ,  DOC in c re as ed  
r a p i d l y  w hi le  i ro n  was r e s i s t a n t  to  p r e c i p i t a t i o n .  Iron-DOC i n t e r a c t i o n s
n o
Figure  13. Seasonal  changes in  SRR, GTR, t e m p e ra t u r e ,  d i s s o lv e d  i ro n  
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F igure  14. Seasonal  changes in d i s s o lv e d  i ron  ( s o l i d  c i r c l e s )  and 
DOC (open c i r c l e s )  c o n c e n t r a t i o n s  in  t h e  upper 6 cm 
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may have been p a r t l y  r e s p o n s i b l e  f o r  m a in ta in in g  low c o n c e n t r a t i o n s  of  
i ro n  in  s o l u t i o n .  I n v e r s e  dep th  r e l a t i o n s h i p s  between d i s s o lv e d  i ro n  and 
DOC a r e  common in anoxic  s u l f a t e - r e d u c i n g  sediments  (Goldhaber e t  a l . 
1977).  However, t h e  p r e s e n t  da ta  a r e  t h e  f i r s t  t o  dem onst ra te  a seasonal  
in v e r s e  r e l a t i o n s h i p  between th e s e  param ete rs  even dur ing  w i n te r  when 
s u l f a t e  r e d u c t io n  was minimal.  The anomalously high DOC and low i ron  
va lues  du r ing  th e  summer o f  1978 compared to  th e  summers o f  1979 and 1980 
could have been caused by e i t h e r  r a p id  SRR or  l e s s  b i o t u r b a t i o n  dur ing  
1978. The w in te r  o f  1978 was ex t remely  s e v e re  with  s e v e ra l  b l i z z a r d s .
Yeo and Risk (1979) have shown f o r  t h e  Bay o f  Fundy t h a t  s e v e re  storms 
remove a l a r g e  p o r t i o n  o f  t h e  be n th ic  fauna .  R eco lo n iza t io n  i s  slow and 
may t a k e  as  much as a y e a r .  They a l s o  demonst ra ted  t h a t  removal o f  
sediment by i c e  " r a f t i n g "  dec reased  in fau n a l  abundance.  Ice  damage was 
much l e s s  s e v e re  and normal abundances o f  in fauna  were found w i th i n  a few 
weeks a f t e r  t h e  most s e v e re  r a f t i n g .  JEL sediments were observed to  be 
i c e  covered dur ing  th e  w i n t e r s ,  1978-1980.  However, s ev e re  w i n t e r  s torms 
only occur red  dur ing  th e  w i n te r  o f  1978. Hence, th e  high DOC and low 
i ron  c o n c e n t r a t i o n s  in t h e  summer o f  1978 were a s c r ib e d  to  t h e  absence  o f  
a c t i v e  b i o t u r b a t i o n .  DOC accumulated  and i r o n ,  in t h e  absence  o f  r e s u p p ly  
from th e  s u r f a c e ,  was removed by s u l f i d e  p r e c i p i t a t i o n .
Comparison o f  D i f f e r e n t  S u l f a t e  Reduction Rate Methods 
35The S-SRR te ch n iq u es  were compared to  r a t e s  c a l c u l a t e d  from j a r  
exper iments  and d i a g e n e t i c  models.  The l a t t e r  two r e s u l t s  were provided  
by W.B. Lyons.
Lyons incuba ted  JEL and SQUAM sediments  a t  room te m pera tu re  under 
anoxic c o n d i t i o n s  and measured th e  d i sa p p e a ra n c e  of  s u l f a t e  and i ron  
through t ime.  From th e s e  measurements he determined th e  SRR. Disso lved
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s u l f a t e ,  s ed im e n ta t io n  r a t e  and o rgan ic  carbon da ta  from both  s i t e s  were 
used t o  c a l c u l a t e  SRR us ing  d i a g e n e t i c  models (Berner ,  1974, 1977).
The SRR r e s u l t s  c a l c u l a t e d  by a l l  t h r e e  methods dem onst ra ted  t h a t  
a t  JEL on ly  t h e  j a r  exper iment da ta  ag reed  with  t h e  r a d i o s u l f a t e  
r a t e s  (Table 27) .  At SQUAM, both th e  k i n e t i c  model and j a r  exper iment 
r e s u l t s  were w i th in  th e  r a d i o s u l f a t e  r a t e s .
B e r n e r ' s  (1971,  1974, 1977, 1980) model employs t h e  d i s ap p ea ran ce  
of  s u l f a t e  w ith  depth  and s tead y  s t a t e  c o n d i t i o n s  to  c a l c u l a t e  SRR. I f  
th e  s u l f a t e  p r o f i l e  i s  " s t r a i g h t e n e d "  by b i o t u r b a t i o n  then  t h e  model can 
be a p p l i e d  on ly  to  deeper  sediments devoid of  b i o t u r b a t i o n .  In t h i s  way, 
th e  r a t e s  c a l c u l a t e d  f o r  b i o t u r b a t e d  sediments a r e  v a l i d  only  f o r  th e  
d eepe r ,  n o n -b io t u rb a t e d  r e g io n s .
R ece n t ly ,  Berner (1981) a p p l i e d  a model to  marine sed iments  which 
d iv id ed  s u l f a t e  r e d u c t io n  r e a c t i o n s  i n t o  two components c o n s i s t i n g  of  
th e  o x id a t io n  o f  e a s i l y  o x i d i z a b l e  versus  more r e c a l i t r a n t  o rg a n ic  m a t t e r .  
The model i l l u s t r a t e d  t h a t  s u l f a t e  r e d u c t io n -m e d ia te d  o rg an ic  m a t t e r  
decomposit ion u t i l i z e d  e a s i l y  m e ta b o l i z a b l e  o rg an ic s  in th e  b i o t u r b a t i o n  
zone whi le  more r e c a l c i t r a n t  o rg an ic s  were ox id ized  s lowly  a t  dep th .
Q u a n t i t a t i v e  Aspects  o f  B io t u r b a t i o n  on S u l f a t e  Reduction-  
Mediated N u t r i e n t  Generat ion
The q u a n t i t a t i v e  e f f e c t s  o f  b i o t u r b a t i o n  on pore w a te r  n u t r i e n t  
d i s t r i b u t i o n s  can be examined f u r t h e r  by c a l c u l a t i n g  t h e o r e t i c a l  n u t r i e n t  
r e g e n e ra t i o n  r a t e s  from SRR and comparing th e s e  to  in  s i t e s  n u t r i e n t  
c o n c e n t r a t i o n s .
The c a l c u l a t i o n s  a r e  based on th e  r e l a t i o n s h i p  proposed by Richards 
(1965):
(CH2 °) i qs( NH3) 16P04+53S04 ^  106 c02 16NH3 + p04 + ‘| 06H2° + 53s2*
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a -  c a l c u l a t e d  from s u l f a t e  depth 
from L e a v i t t  (1980).
b -  da ta  from t h i s  s tudy
o f  s u l f a t e  r e d u c t io n  r a t e s  as 
by d i f f e r e n t  methods.
JEL







12-62 (30 AVG) 
p r o f i l e s  and s e d im en ta t ion  r a t e s
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I f  th e  o rg an ic  m a t t e r  d e p o s i t e d  in sediments  has a C:N:P r a t i o  s i m i l a r  to  
average  marine  p lank ton  and i s  r e m i n e r a l i z e d  v ia  s u l f a t e  r e d u c t i o n ,  th e  
molar  r a t i o s  o f  s u l f a t e  reduced to  n u t r i e n t s  g en e ra ted  w i l l  be e q u i v a l e n t  
t o  th o s e  expressed .  A s i m i l a r  approach u t i l i z i n g  s u l f a t e  dep th  p r o f i l e s  
has been used by Berner (1977) ,  Martens e t  £]_ (1978) and Gaudet te and 
Lyons (1980) t o  e x p la in  n u t r i e n t  c o n c e n t r a t i o n s  in  sed iments  and pore 
waters  and to  c a l c u l a t e  sed im enta ry  o rgan ic  m a t t e r  C: N: P r a t i o s .  Jorgensen  
(1977),  Howarth and Teal (1979) ,  Skyring e t  al_. , (1979) and A l l e r  and 
Yingst  (1980) employed th e  r a t i o  o f  two carbon atoms o x id ized  per  s u l f a t e  
ion reduced to  c a l c u l a t e  the  pe rcen tages  o f  primary produced carbon which 
was metabo l ized  v ia  s u l f a t e  r e d u c t io n .  The p r e s e n t  approach i s  unique in 
t h a t  a c tu a l  SRR measurements were used to  c a l c u l a t e  g ross  n u t r i e n t  r e ­
g e n e ra t io n  r a t e s .
The r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  f o r  th e  p r e s e n t  da ta  (Table 28) 
were de r ived  assuming t h a t  t h e  o rgan ic  m a t t e r  undergoing s u l f a t e  r e d u c t io n  
had a C:N:P r a t i o  o f  106:16:1 and t h e  average  sediment p o r o s i t y  was 50 
p e rc e n t  (Berner ,  1971).  The average  annual g ross  s u l f a t e  r e d u c t i o n -  
mediated r e g e n e ra t i o n  r a t e s  f o r  th e  upper 12 cm o f  a cm column a r e  
p resen ted  (Table 28) .  These r a t e s  a r e  compared to  th e  average  annual 
pore wate r  c o n c e n t r a t i o n s  o f  ammonium and phosphate a t  JEL and SQUAM 
(W.B. Lyons, unpubli shed  d a t a ) .  The n u t r i e n t  r e g e n e r a t i o n  r a t e s  d iv id ed  
by th e  in s i t u  n u t r i e n t  c o n c e n t r a t i o n  y i e l d e d  t h e  t ime n ece ss a ry  to  gene­
r a t e  a q u a n t i t y  o f  ammonium and phosphate equal to  t h a t  p r e s e n t  in  t h e  
pore w a te r s .  I f  s tead y  s t a t e  c o n d i t i o n s  a r e  approached ,  th e s e  l a t t e r  
va lues  equal th e  r e s id e n c e  or  tu rn o v e r  t imes o f  th e  pore w a te r  ammonium 
and phosphate pools .
TABLE 28. Comparison o f  ac tua l  pore wate r  n u t r i e n t  c o n c e n t r a t i o n s  a t  JEL and SQUAM 
with  c a l c u l a t e d  r a t e s  of  n u t r i e n t  r e g e n e ra t io n  f o r  the  upper 
12 cm o f  a cm sedimentary  column.
 p o f  nhJ
c o n c . a 3 r a t e b 3 , tu rnover  c o n c . a -  , r a t e b ,  , tu rnover
(nmoles*12cm ) (nmoles*12cm“ • d“ ) t ime (d)  ( nmoles•12cm"*d"‘ ) ( nmoles•12cm - d " 1) t ime (d)
JEL 21 3 .0  7 .0  114 48 2 .4
SQUAM 35 0 .7  50 ' 170 10.6 16.0
a -  average  annual da ta  from W.B. Lyons (unpubl i shed)
b -  c a l c u l a t e d  from average  annual s u l f a t e  r educ t ion  r a t e s  ( 35S) from p re s e n t  s tudy .  oo
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The r e g e n e r a t i o n  r a t e s  p re s e n te d  in Table 28 a r e  c o n s id e r a b ly  f a s t e r  
than th e  f l u x  r a t e s  o f  n u t r i e n t s  ou t  o f  t h e s e  sediments  (W.B. Lyons 
p e r s o n a l ,  communica tion).  This  was p robably  due to  t h e  r a p i d  uptake  o f  
th e s e  ions a t  t h e  sed im ent s u r f a c e  by pho to -  and chem osynthe t ic  organism 
s i m i l a r  to  t h a t  proposed by Henriksen e t  a]_. (1981).  F u r t h e r ,  n u t r i e n t s  
a r e  removed from pore wate rs  by ion exchange r e a c t i o n s  (Poon and Sheih ,  
1976; Berner ,  1977) ,  p r e c i p i t a t i o n  o f  a u t h i g e n i c  m in e ra l s  (Berner ,  1977; 
Kitano e t  a ^ . , 1978; Martens e t  aj_. , 1978),  and a d s o r p t i o n  onto  o rgan ic  
c o a t in g s  (Suess ,  1973; Wilson,  1979).
N u t r i e n t  t u r n o v e r  was 7 - t im es  more r a p i d  a t  JEL than  a t  SQUAM i n d i c a t  
ing t h a t  n u t r i e n t  removal a t  JEL was enhanced;  probably  by b i o t u r b a t i o n .  
For comparison,  t h e  n u t r i e n t  tu rn o v e r  t imes a t  SQUAM were very s i m i l a r  to  
th ose  r e p o r t e d  by Hines and Lyons ( in  p r e s s )  f o r  n o n - b io t u r b a t e d  c a rb o n a te  
sedim ents .
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